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NATURAL PHILOSOPHY. 



INTRODUCTION. 
Sect. L 



1. Philosophy is the knowledge of the general 
laws observed by the phenomena of nature, whe- 
ther in the intellectual or material world. 

3. In the material world, the action which. takes 
place among bodies, either produces a permanent 
change in the internal constitution of those bodies, 
or it does not. In the former case, the phenome-> 
na belong to chemistry, in the latter to natu- 
ral PHILOSOPHY. 

The action of th6 same cause may, by a change of cir- 
cumstances, pass from being an object of the one of 
these sciences to become that of the other. The ac- 
tion of Heat, when it expands or contracts the dimen- 
sions of bodies, belongs to Natural Philosophy; 
A when 
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2 OUTLINES OF NATURAL PHILOSOPHY. 

when the same power burns and consumes bodie9> 
its action belongs to Chemistrj. When it convert* 
water into steam it may belong to either science. 

8. When from a comparison of a number of facts 
known from experiment or observation to be true, 
the existence of a more general fact is inferred, the 
inference is said to be made by induction. 

It is from induction that all certain and accurate know* 
ledge of the laws of nature is derived. 

4. When general principles or axioms have been 
established by induction, we can often, by the ap- 
plication of mathematical reasoning, deduce con- 
clusions as clear and certain as the principles them- 
selves. 

The great advantage which Natural Philosophy seems 
here to possess exclusively, arises from this, that the 
action which it treats of, extends to large masses of 
matter, and to considerable distances> such as can be 
measured by lines and numbers. 

5. The branch of knowledge which collects and 
classifies facts, is called Natural History. 

Natural History is here taken in its most general sense> 
9uch as it is understood by Bacon ; in common lan- 
guage its objects are confined to what are called the 
three kingdoms, the Mineral, Vegetable, and Anii* 
paal, 

S. We are said to explain a phcnomefton, when 

wc 
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INTRODUCTION. 3 

we shew it to be aecesaarily included in some phe-» 
nomenon or fact already known, or supposed to be 
known ; and we consider one phenomenon as the 
cause of another, when we conceive the existence 
of the latter to depend on some force pr power re-? 
siding in the fotmer. 

7. A fact assumed in order to explain appear- 
ances, and having no other evidence of its reality, 
but the explanation it is supposed to afford, is call- 
ed a hypothesis, 

8. An explanation of any system of appear-^ 
ances or events founded on facts known to exist 
from evidence independent of those appearances, 
is called a theory. 

In the explanation of natural appearances, and in all 
inductive reasonings, Facts, though equally certain, 
may be of different value for the discovery of truth. 
Bacon has classified facts, and explained their peculiar 
advantages as instruments of investigation, in the 94 
book of ^he Novum Qrqanuh, 

9. When one system of events or appearances is 
similar to another, and when we infer that the 
causes in these two systems are also similar, we are 
said to reason from analogy. 

Such reasonings will b^ more or less conclusive, accords 

ing as the similarity is more or less considerable, 

^Explanations.) therefore, or theories founded on ana* 

A 8 logy. 
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4 OUTLINES OF NATDILAL FHILOSOPHY. 

logy, may have aU degrees e£ erideiice, from the leaA 
to the greatest. 
Many theories are founded entirely on analogy. 

10. When a theory has been discovered by in- 
duction, it may be made use of by reasoning in a 
reverse order, for discovering new fects, and pre- 
dicting the result of new combinations. 

This will be best illustrated by the examples that will, 
occur in treating of Physical Astronomy. 

11. The evidence of a theory, increases with the 
number of facts which it explains, and the precl- 
usion with which it explains them. It diminishes 
with the number of facts which it does not ex- 
plain, and with the number of different supposi- 
tions that will afford explanations equally precise. 

In the analytical or inductive method of Bacon, the 
possible theories are all excluded but one or at most 
a small number, before the explanation is attempt- 
ed. Novum, Organum, Lib. ii. cap. 16. 

A theory may not deserve to be rejected, though it 
does not explain all the phenomena, if it explain a 
great number, and be not absolutely inconsistent 
with any one. A single fact, inconsistent with a 
theory, may be sufficient to overturn it. 

12. In tracing the necessary connection of na- 
tural phenomena, this axiom is often of use : No- 
thing exists in any state that is not determined by 

some 
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INTRODUCTIOW. 5 

Home uzABOii to be in that ststte rather than in anj 
other. 

Hence two things of which the conditions are determi- 
ned bj reasons that are precisely the same, are in all 
respects similar to. one another. Hence, also, if 
there are two conditions, and no reason to determine 
« mghfect to be io one of them rather than ano- 
ther, we are toconchide that it is in neither. Thii 
axiom has been called the principle of the sufpi-^ 
cx£NT REASON^ It was uscd bj Archimedes in his 
demonstration of some propositions in mechanics ; 
but it was first stated as a general principle of philo-* 
sophic reasoning by Leibnitz. It may be used to 
great advantage for demonstrating the more simple 
propositions of geometry as well as of mechanics, 

13. Experiment is not only necessary in the in^ 
vestigation of truth, but it is useful for proving 
truths that have already been investigated. 
In this latter application of it, it serves three piu*-. 

poses : 
I. It verifies the conclusion of our reasonings, and dis-^ 
covers whether any element has been left out, or 
-^ any error committed in the course of the investiga- 
tion, 
n. tt ^xempUfies ttie/a|>p]icalien.€if general princ^les 

to^JIsteexj^MUtion of ipaiticukr faetsv 
III. It impresses the tmtih both of *he principles and 

the condasion most strongly on the mind. 

Though an experiment can only prove a proposition 

in one particular case, yet from a combination of 

two or more experiments, such evidence of the ge- 

A 3 neral 
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6 OUTLINES Of Datura t philosophy. 

hefal proposition may arise^ as to fall little 
short of demonstration^ 

14. The study of Natural Philosophy is accom- 
jpanied with great advantages. 

I. It extends man^s pbiUfer over hature, by explaining 

the principles of the various arts which he practises. 

II. It improves and elevates the mind, by unfblding to 
it the magnificence, the order, and the beauty ma- 
nifested in the construction of the material world. 

HI. It offers the most striking proofs of the beneficence^ 
the wisdom, and the power of the Creator* 



Sect. It^ 



Properties of MAXTfeR. 



\S. Body is a substance, extended in three dimen* 
sions, impenetrable, and moveable* 

Gravity or weight is often included in the description 
of body ; it is left out here, because though it ap^ 
pear to be universal, we can conceive a substance 
without gravity, which, nevertheless, should possess 
extension, impenetrability, and mobility. 

16. By 
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tNTRODUCnON. 7 

16. By the Impenetrability of body is meant, 
that no two particles of matter can at the same 
time occupy the same identical portion of space. 

If bodies could ^compenetrate, all matter might be 
united into any space, however small, or it might 
be all aniiihUated. — Muschenbrokk, Introd, ad 
Phil. Nat. vol. i. § 81. 

^he bodies that yield to pressure, and those that do 
not, serve equally to prove the impenetrability of 
matter. — ^Boscovicb, Theoria Phil. Nat. § 4l. 

17- Body, being extended, is divisible without 
limit, or, as it is usually called, ad infinitum^ sup- 
posing that the instruments of division are mere 
mathematical lines or points. 

It is easily proved, on the supposition just mentioned^ 
that the extension of lines ad ii^nitumy and their 
divisibility ad infinituniy are necessarily connected 
with one another. 

18. The actual division of body into parts, as 
the parts must be of a finite magnitude, must ne- 
cessarily be limited ; it is, nevertheless, capable of 
being carried to such extent, that the parts shall 
be of incredible minuteness. 

We have examples in the gilding of silver-wire, in the 
propagation pf odours, in the colours produced by 
chemical solutions, &c.— Reaumur, Mem. Acad, 
des Sc. 1713, p. 304. Boyle de mird Subtilitate 
£ffiuviarum, Muschenbrobk» sdn supra, § 72. 

A 4 19. All 
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8 OUTLINES or NATURAL PHILOSOPHY, 

1». All bodies are inclosed by one or more boun- 
daries, and therefore possess figure ; they have al- 
so the capacity of receiving an indefinite variety 
of figures. 

Bodies differ in their capacity for receiving and main- 
taining different figures. 

Some receive new figures with difficulty, but main- 
tain them easily. Such are the bodies usually 
called solid. 

Others receive any figure easily, but cannot maintain 
it without the assistance of other bodies. Fluid 
bodies are of this kind. 

Many bodies have figures that in their natural state 
are peculiar to them. This Is the case not only 
with plants and animals, but with certain mineral 
and chemical productions called Crystals^ usually 
bounded by j^ain surfaces. 

20, JMotion, of which all bodies are susceptible, 
is the continued change of place. 

21. It is a general law in the material world, 
that no body loses motion in any direction, with- 
out communicating an equal quantity to other bo- 
dies in that same direction ; arid conversely, that no 
body acquires motion in any direction, without di- 
minishing the motion of other bodies by an equal 
quantity in that same direction. 

What relates to the fnotion of bodies, will be consi- 
dered more fully hereafter ; it is mentioned here 

merely 
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INTROCUCTIOK* § 

merely for the sake of order, as being part of the 
definition of bod j. 

2& The force with which the parts of bodies re- 
sist any endeavout to separate th^in is called cohe- 
sion. 

We may conceive a body to be made up of an assem- 
blage of small indivisible particles 0|: corpuscles ad- 
hering to one another, T^ith forces that are greater 
as the distance of the particles is less. These cor- 
puscles are called the elements of body. 

Hardness, softness, tenacity, fluidity, ductility, are 
modifications of cohesion. 

Smooth surfaces may be made to cohere, by bringing 
them very close to one another ; but, 

In general, cohesion cannot be produced between two 
bodies but by the intervention of fluidity. 

Cohesion is not a general property of body ; it does 
not belong to elastic fluids, which are kept together 
by pressure or by gravity. 

23. All bodies at the earth's surface, if left to 
themselves^ descend in straight lines towards that 
surface. This tendency or disposition to fall is 
called weight. 

The weight of a given body may be employed to tofca- 
sure the weights of all other bodies. 

a^r. l%e dicectims in wtncb bodies fall in 

diSerent 
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10 OUTLINES OF NATURAL PHlLOSOf HIT* 

different places of the earth, tend nearly to thd 
centre of the earth. 

At pouits not very far from one another on the sur^ 
face, the duiectlons in which bodies gravitate are 
nearly parallel, the distance of the earth^s centre be^ 
ing great in respect of the distance of the bodied 
from one another. 

If the distance is a nautical mile, or 6118 feet nearly, 
the angle made by the directions of gravity is one 
minute ; if 60 of those miles, it i^ a degree, &c. 

A plane at any place perpendicular to the line in 
which bodies gravitate, is called a horizontal plane ^ 
and any plane passing through that line is called a 
vertical plane. 

25. If We conceive the weight of bodies to be 
jproduced by a force applied to each of their ele- 
mentary particles, urging it downwards, this force 
is called gravity. 

Gravity must be distinguished from Weight: the 
weight of a body is the product of the gravity of a 
single particle by the number of particles. Thus^ 

If W be the weight of a body, g the gravity of 
a single particle, N the number 6£ particles, 

W = Nxg-. 

26. In all bodies the force of gravity is the 
same. 

This is proved by the fact, that all bodies, whatever 
be their weight, fall at the same rate to the ground, 
when the resistance of the air is removed. 

S7. The 
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INTRODUCTION. 11 

27. The weights of two bodies arc to one ano- 
ther as the quantities of matter in those bodies. 

Lei W and W be the weights of two bodies M and 
M', their quantities of matter. 

The quantity of mattei in a body is called its massi 

'^S. All bodies have enipty spaces disseminated 
through them in the form of pores, more or less 
minute. This property of bodies is called poro^ 
sitjf. 

In solids the pores can be seen fiometimes by the na* 
ked eye, and almost always by the microscope. 

In fluids the dissemination of vacuity through the 
mass is proved by e^ltperimiehts, though it is not 
perceived by the eye. -— Muschenbroek, § 91* 
NO. 3. 

The ratio of the quantity of matter to the quantity of 
empty space contained within the superficies of any 
body is wholly unknown. 

It is probable, that even in the densest bodies, the 
quantity of solid matter is very smaU, compared 
with the quantity of empty space. Newton^s Op* 
tics. Book II. Part iii. Prop. 8. 

From the porosity of bodies, it follows, that the par- 
ticles of matter can only touch one another in a 
few points. 

29. If 
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12 OUTLINES OF NATUHAL PHILOSOFRT. 

29. If in two bodies, of which the bdks are B 
and B', and the weights W and W^ the weights 

W B' 
be proportional to the bulks, or — - =:: — , the 

ipace occupied by the pores of these bodies bears 
the same proportion to that which is filled by solid 
matter. 

Bodies of this kind are said to have the same den- 
sity. 

30. The weight of a body divided by its quan- 

W 
tity of matter, or -g-, is called the sfcc^ grafcity 

of the body. 

The weight of a %ody, «i strictness, cAanot be divided 
by its bulk, the two quantities being dissinukr, and 
incapable of comparison. But if we express the 
bulk of all bodies numerically, by referring them to 
the same unit, a cubic inch for example ; and the 
weight of all bodies, by referring them to a similar 
unit, the weight of a cubic inch of water, any 
nundbefer in the first aeries may be divided by the 
oorrespondfing nuidbw ik the second : the -quotient 
will be ihe ^Mdfic gravity of die iiody to which the 
numbers belong. 

Hence the specific gravity nmltiplied by the bnlk, 
gives die weight; <Mr if S k 4he ^edfic gravity, 
BXS=W. 

31. A 
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INTHODVCTfCUI. IS 

$1. A fluid is a body so constituted, that its 
parts arc all ready to yield to die Bctioa of the least 
pressure. 

32. Elastkitjf is a power by which a body, when 
its figure is altered by the action of any force, re* 
sumes that figure as soon as the force has ceased to 
act. 

This power k found both in solid and fluid bodies. 

93. All bodies are subject, by expansion and 
contraction, to change their magnitude or volume 
according to certain laws, and within certain li- 
mits. When expanding, they produce in us (un- 
der certain conditions) the sejisation of heat ; and 
when contracting, the sensation of cold. They 
are therefore said to become hot, or to acquire heat 
in the former case, and to become cold or to lose 
Jieat in the latter. 

34. Certain minerals have a power of attracting 
iron, and of cwnmuaicating to pieces of that me- 
tal the power of attracting and repelling one ano- 
ther. The power thus communicated is called 
magnetism. Bodies having magnetism have also ^ 
tendency, when left free, to point toward a cer- 
tain quarter of the heavens. This is called Jteili. 
rity. 

Magnetism is a permanent quality ; it is peculiar tp 
iron and its ores. 

35. Some 
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14 OUTLINES OF NATURAL PHILOSOPHY. 

36. Some bodies acquire by friction the power 
of attracting and repelling cert?iin other bodies. 
This power is called electricity, 

S6. The chemical action of metallic substances 
on one another, produces a like tendency in bodies 
communicating with those substances according to 
a certain rule. This is called galvanism. 

The four properties or powers last mentioned agree 
in this peculiarity, that they are communicated 
from one body to another by mere apposition with- 
out any visible admixture, or transfusion of subr 
stance. In this they differ from all the properties 
of matter yet known. Whether a passage of some 
invisible substance from the one body to the other 
is not to be inferred in such instances, will I^ereaf* 
ter be considered, 

The properties of matter above enumerated, require 
the science which treats of body to be divided intp 
different branches. As the action of bodies on one 
another generally involves motion, the consideration 
of that power constitutes one of the main objects 
of natural philosophy. The doctrine which treats 
of it is, however, modified by the nature and con- 
stitution of the bodies to which it is communicated. 

87. When bodies are free to obey the impul- 
ses communicated to them, the science which treat$ 
pf tbdr motion is called dynamics, 

Djnamlc4 
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INTRODU€TIOK. 15 

Djmamics is the most elementary- brandi of the doe- 
trine of motion, and the most general in its princit 
pies. 

As there is here no question eonceming the figm*e of 
the moving bodies, we may abstract entirely from 
the consideration of it, and treat of the bodies as if 
their matter were concentrated in mere physical 
points. The term Dynamics signifies literally the 
doctrine of power ^ power or force being known to 
us only as the cause of motion, and measured by th^ 
motion it produces, 

58. When bodies, whether by external circum- 
stances, or by their connection with one another, 
are not left at liberty to obey the impulses given, 
the principles of dynamics must receive a certain 
modification before they can be applied to them. 
The science of dynamics, thus modified, is called 

MECHANICS. 

According to this distinction, the motion of a body 
falling freely to the ground belongs to Dyna« 
. iiiics ; the motion of the same body descending on 
an inclined plane belongs to Mechanics, &c« 

The doctrine of Machines belongs to mechanics ; for 
in every machine, the connection of the parts pre-< 
vents them from immediately obeying the impulses 
received. 

39. When 
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10 OUTLINES OF NiiTURAI. FRILOSOPHT. 

|l 

j $9. When the bodies to which motion is^ com- 

inunicated are fluid, another modification of the 
principles of dynamics takes place, which consti- 
tutes the science of HYsmonYNAMiGs,^ 

I In each of these three sciences, there are c^ses in 

which the forces conceived to act balance one ano- 
1 iher, and produce not motion, but rest. These 

! cases in dynamics and mechanics constitute a parti- 

cular branch, to which the name of statics has been 
l^ven. The similar cases in fluids form the branch 
of hydrodynamics, called hydrostatics. 

Hydrodynamics is also subdivided, according as the 
fluids are incompressible^ like water, or elastic, like 
air. . 



DYNAMICS. 
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DYNAMICS. 



Sect. I. 

OF THE MEASURES OF MOTION. 

40. W^HEK a body changes its place continually, 
it is said to move, or to be in motion. 

41 . A moving body cannot pass from one point of 
space to another without passing through every in- 
termediate point ; that is^ whatever be the path 
it describes, it must intersect all the planes that 
can pass any how in the interval between the two 
points. 

42. The ideas of Space and Time are both neces- 
sarily involved in the idea of motion. 

43. Time is conceived as a quantity consisting 

B of 
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J 8 OUTLINES OF l^ATURAL PHILOSOPHY. 

consisting of parts which can be compared with 
one another. 

44. Two events which are determined by cir- 
cumstances precisely the same, are conceived to 
happen in equal portions of time. 

A stone will fall to the ground from a given height 
in the same space of time to-day that it did yester- 
day, or that it will do to-morrow, or at any future 
period. It is not necessary that the stone should 
be of the same weight, for, as has been ah-eady pro- 
ved, the weight of the falling body does not affect 
the time of its descent (26). It is on this proposition, 
generalized and applied to the vibrations of a pendu- 
lum or a balance, that the going of a clock or watch 
is taken for a measure of time. 

Thus it is on the principle of the sufficient reason that 
time is divided into equal portions. 

The imperfections of mechanism require, however, 
that our chronometers should be frequently check-i 
ed by a comparison with the motion of the heaven- 
ly bodies. Here also we proceed on the principle 
just mentioned ; but as the chccnmstsoaces that may 
influence the dur^ion of .the events are in this case 
not easily discovered, it has required the highest 
improvements in science to derive an exact measure 
of time from astronomical observation. 

45. Absolute time is that which is computed 

from 
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from the same moment ; relative time is that 
which is computed from different moments. 

The least portion of time that we can measure is 
about one-fourth or one-fifth of a second ; yet, were 
w« to trace the progress of nature minutely, a hun- 
dred or even a thousandth part of a second would 
be found distinguishable bj great changes. 

46. The velocity of a moving body, or the rate 
of its motion, is said to he unj/br???, when the lines 
it passes over (or, as it is usually expressed, the 
spaces it describes) in equal times, are all equal to 
one another. 

In measunng the velocities of bodies, it is convenient 
to take a certain portion of time for the unit, in 
terms of which all other portions of time are to 
be expressed. The unit here assumed is one se- 
cond. 

47. The space which a body moving with a uni- 
form velocity passes over in any time, is had by 
multiplying, the time into the velocity, that is, by 
multiplying the number of seconds the motion has 
continued into the space moved over in one se- 
cond. 

Hence if S be the. space passed over in the time T, 
with the uniform velocity V, (all of them being ex* 
pressed numerically), 

S = V X T. 

B 2 48. In 
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48. In unifonn motions, therefore, the velocity is 
equal to the space divided by the time, or V ::: =• 

49. In miiform motions also, the time is equal 

3 
to the space divided by the velocity, oxTzz r:* 

In all these theorems T is expressed in seconds, and 
V. in some known measure of length, the same io 
which S is also expressed. 

50. The velocity of a body is sometimes estima- 
ted in a direction different from that in which it 
acti^ally moves. 

Thus, (fig. 1,) if while a body B moves along the line 
AC, a perpendicular BD he continually drawn to 
the line AE, which makes with AC a given angle^ 
the velocity with which D moves along AE is called 
the velocity of B in the direction AE, 

51. The velocity of a body moving in a given 
direction, is to its velocity estimated in any other 
direction, as ^radius to the cosine of the angle 
which the two directions make with one another ; 
or if V be the velocity of the body, g the angle 
which the path of the body makes with another 
line, V cos is the velocity reduced to the direc- 
tion of that line. 

If 
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|[f S be the space described by the body in its owo 
path, the space described by the perpendicular in 
th^ other line wHl be S cos ]?. 

Hence also if the velocity of the body in its own path 
is uniform^ it will be uniform when reduced to any 
other direction. 

5S. The change which any variable quantity 
undergoes in an infinitely small portion of time, is 
called the Momentary Increment of that quan- 
tity. 

^ Thus if S is the space described by a moving body in 
the time t^ and if V be its velocity, supposed vari- 
able, at the end of the time t, if we suppose t to be 
increased by an indefinitely small instant, the 
change of S and of V in that instant are called their 
Momentary Increments* 

The increments are denoted by the same letters that 
express the variable quantities, with a point over 

them. Thus S, V, T, are the momentary incre- 
ments of S, V and T. 

Though the variable quantities may decrease as well 
as increase, the momentary change is called an In- 
crement in both cases, but is accounted negative 
when the quantity diminishes. 

5S. Though the velocity of a body be variable, 
it may at any point be taken as uniform for an in- 
definitely small portion of time, and the increment 
of the space will be, just as in the case of uniform 
B 3 motion 
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motion (47- )> equal to the velocity multipliecE 
into the indefiiaitely stntili portion of time, dtiring 
which the motion is supposed uniform. Thus, if 
S be the increment of the space, i the correspon- 
ding increment of the time, and V the velocity^ 

S =r V / ; hence 

t 

l^hese formulse apply to motion of every kiiid, whe* 
ther accelerated or retarded, and express generally 
the, relation between the velocity, the increment of 
the space, and the increment of the time. 

54- The quantity of motion in a moving body is 
estimated by the product of the mass, or quantity 
of matter, multiplied by the. velocity. 

The quantities of motion in two bodies are the same 
when their velocities are inveiisely bb their, mas- 
ses. 

If M and M'^ be the masses of two bodies, V and V 
their velocities ; if M : M' : : V : V, the quantities of 
motion are equal, for M . V = M' . V. 

55. When 
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55. When one body changes its place relatively 
to another, it is said to have a relative motion with 
respect to that other body. 

Two bodies if they move with equal velocities toward 
the same side, in the same or in parallel lines, will 
have no motion relatively to one another. 

if two bodies move with equal velocities in the same 
straight line, but in opposite directions, their rela- 
tive motion is the sum of their real motions ; if in 
the same direction, it is the difference of their real 
motions. The same is to be said of their relative 
Velocities. The use of the signs + and — brings 
the two parts of this and all similar propositions 
imder one enunciation, 

66. The path of one moving body relatively to 
another is determined, by supposing the latter to 
stand still in any point of its path, and by inqui- 
ring in what line the other must move, and with 
what velocity, so that it may approach to the for- 
iner (supposed at rest) or recede from it, at the 
same rate, and in the same direction, that it actu- 
ally does when they are both in motion. 



Sect; 
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Sect. IL 



FIRST LAW OF MOTION. 



57- A BODY must continue for ever in a state of 
resty or in a state of uniform and rectilineal mo- 
tioiiy if it be not disturbed by the action of some 
external cause. ' 

If the body is at resf, It must remain at rest ; for if 
there is no action of another bgdy, there can be no- 
thing to determine it to move in one direction more 
than in another. 

' ff the body is in motion^ it willxontinue to move in 
the same direction ; for there is nothing to deter- 
mine its deflections to be in one line more than in 
another line. 

Lastly^ it cannot change its velocity ; for if its velocity 
change, that change must be according to some func^ 
tion of the time; so' that if C be the velocity which 
the body has at any instant, and t the time counted 
from that instant, V the velocity at the end of the 
time t, the relation between V, C,. and t must be 

expressed thus, V = C + A e* + B £* +, &c. ' Now, 
there is no condition involved, in the nature of the 
case, by which the coefficients Ay By &c. can be 

determined 
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determined to be of any one magnitude rather than 
of any other ; each of them is therefore equal to 
0, and the equation is V = C, so. that the velocity 
remains constant. 

D^Alembert has given a different demonstration of 
this, Dynamique^ chap. Ire. See also another by 
EuLisR, Mechanica, torn. 1. § 63. 

This proposition is the first law of motion, and, to- 
gether with the proposition, § 31. constitutes what 
is termed the inertia or inactivity of matter. 

The inertia has been considered by some philosophers 
as merely the expression of a law of human thought, 
by which we are determined, when we see a change, 
to infer the action of a cause. This is inaccurate. 
That 8 change never happens in the motion of any 
body, without an equal and opposite change in 
the motion of some other body, is as much a fact, 
independent of the mind that perceives it, as impe- 
netrability, cohesion, or any other phenomenon of 
the material wcHrld. 

If a body move in a curve, the continued action of an 
external force must be inferred : if that action were 
to cease at any point, the body would continue its 
motion in a straight line touching its curvilineal 
path in that point. . 

58. The cause of motion is denominated Force, 
and a force is always measured by the effect, that 

is, 
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is, by the motion which it produces in a given 
time. 

Two forces are said to be repre^nted by two lines, 
when the motions which they singly produce are in 
the directions of those lines^ and proportional to 
them. 

59. Let a body at A (fig. 2.) be acted oo by two 
forces at the same instant, one of which acting alone, 
would cause it to move uniformly over AB', in a 
given time; and the other acting alone, would 
cause it to move over AC, at right angles to AB, 
in the same time* The velocity of the body in 
the one of these directions, will not be changed by 
the force impelling it in the other. 

The velocity of a body in the direction of a line dSfi 
ferent from its own path, is measured as explained 
(art 61.) 

'I'he demonstration of the preceding^ proposition i» 
founded on the principle of the sufficient reason. 

60. If the lines which each of two forces, acting 
singly, would have caused a body to describe in 
the same time, be at right angles to one another^ 
the line which it will describe in that time, whe» 
both the forces act on it at once, is the diagonal 
of the rectangle under the two first-mentioned 
lines. 

61. If 
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<Jl. If the lines whifch each of two forces acting 
singly would have caused a body to describe in the 
same time, make any angle whatsoever with one 
another, the line which the body will describe in 
that time, when both the forces act on it at the 
same instant, is the diagonal of the parallelogram 
HQderthe twd>fir&i- mentioned Hne»» 

I'his is the celebrated theorem known by the name of 
the COMPOSITION OF FORCES. The most remark- 
nble demonstrstioii^ of it are by Dan* Bernoulli, 
Comment Petrop. torn: 1: ; D^Alemb&rt^ (^icuks, 
torn. 1« cin^iemc memaire ; La Place, MecJuiniqvt 
celeste J tom. 1* § 1* 

62- If two forces be represented by the 
lines a and b, which contain an angle zzz,' 
the force compounded from them will be 

^/ a^ + 9i a b cos z^b^: for this is the diagonal 

which, in a parallelogram having the sides a and, 
A, and the contained angle z, subtends the, supple- 
ment b( z. Also the. sine of the angle which this 

diagonal makes with «, is = , d being put 

for the diagonal, or y a* + ^ab cos + 6^ 



6$. If 
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63. If three forces which impel a body at the 
same time, be proportional and parallel to the three 
sides of a triangle, so that the angle contained by 
any two of them is the supplement of the angle 
contained by the corresponding sides of the 
triangle, these forces will be in equilibrium. 

The converse of this is also true, viz. that if the three 
forces are in equilibrium, they are proportional to 
the sides of a triangle, &c. 

When three forces are in equilibrium, any two of 
them is greater than the third. 

If three forces are in equilibrium, they are all in the 
same plane. 

64. If there be an equilibrium between three 
forces, AB, AC, AE, (fig, 3.) and if from any point 
F, in the direction of one of them, perpendiculars 
FG, FH, be drawn to the otl\er two, these per- 
pendiculars will be inversely as the forces AC, AB, 
on the directions of which they fall. 

For if FC, FB are drawn, the triangles FAG, FAG 
on the same base AF, and having equal altitudes, 
are equal. Therefore FGxAG = FHxAB, or 
FG:FH::AB:AG. 

65. If three forces are in equilibrium, and if 
perpendiculars be drawn to the other directions, 
intersecting one another in three points, the sides 
of the triangle so formed will be proportional to 

the 
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the foKes, to the directions of which they are per- 
pendicular. ' 

66. If any number of forces act on a body, pro- 
tx>rtional to the sides of a rectilineal figure, and 
also parallel to them, in such a manner that the 
angle which the direction of each force makes 
with that of the contiguous force, be the supple- 
ment of the angle which the corresponding sides 
of the figure make with one another, these forces 
will be in equilibrium. 

This proposition is true, whether the sides of the rec- 
tilineal figure «be all in one plane or not. If they 
inclose a space, that space may be extended either 
in two or in three dimejisions. 

67. If there be an equilibrium among any num- 
ber of forces, which are in different planes, but ap- 
plied to the sanie point ; if, through that point, 
three straight lines, or axps, be drawn at right angles 
to one another, (one of them in a plane perpendi- 
cular to that of the other two), and if every force 
be resolved into parts in the directions of the three 
axes, then shall the-sums of the opposite forces, in 
the direction of each axis, be equal to one ano- 
ther. 

This theorem furnishes three independent equations. 

Jf F, F', F^ F'", &c. be the forces ; a, a\ a\ of", &c. 
the angles which they make with one of the three 

axes ; 
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axes ; ft 09 jS^ 0'\ &c. the angles which thej make 
with another of the axes, and 7, 7', •/, v% Sec. the 
angle which they make with the third, 

Fcosa + F'cosa' + F^cosa^ + F'''cosa'''+, &c. =: 
Fcose + F'cos0' + F^^cose^ + F'''cos^'"-b &c. = 
F cos y + P cos/ + F^/cos'/ + F'^'cos 7'" +, &c. = 

When all the forces are in one plane, th^e are only 
two axes, and the equations are therefore reduced 
to the two first. Also as is in this caseithe com- 
plement of a, co^^^AvLdy and so of the rest; 
therefore the equations are 

F cos a + F' cos a' + Yf cos a^ +, &c. .=;= 
^and F sin a + F'sin a' + F'''' sin a^ +, &c = 



Sect. 
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Sect. III. 



COMMUNICATION OF MOTION BY IMPULSE. 



68. Xhe action and reaction of bodies on one 
fmother are equ^. 

This is usually termed the second law of motiok* 
When expressed more precisely, it involves two di- 
stinct propositions. 

, I, When motion is commun^caited by .^oUiaion or im- 
pulse, the quantity of motion gained by the one 
body in any direction, is just equal to that which is 
lost by the other in the same direction, 

S. When motion is communicated .,withQut apparent 
contact, as in the case of gravitation, and of the phe^ 
nomena ascribed to attraction or repulsion, the 
quantity of motion gained by the one body is just 
equal to that which is gained by the other, but in 
an opposite direction. 

The first of these prppositions, involves in it the 
first law of piotion, and when so understood, it pro- 
perly expresses what is called the inertia of body. 
Like the first law of motion, it follows necessarily 
from the impenetrability of body. 

The second proposition is only known to us by exper 
fience. 
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The demonstration of the first depends on the follow- 
ing theorem. 

69' If two bodies meet with velocities that are 
inversely as their masses, and directly opposed to 
one another, there will be an equilibriuin. 

If the bodies are equal, and have equal velocities, the 
proposition is evident. 

If A be double of B, but have only half the velocity 
of B ; then A may be divided into two parts equal 
to By each of which will have half the velocity of 
B. One of these striking against B, would destroy 
half its velocity ; and the other striking against it, 
would destroy the other half. 

The same is true whatever multiple the one body be 
of the other, and therefore also whatever ratio the 
one bear to the otter.— -Vid. D^Albmbbrt, Dyna- 
miquey § 46. p. 51. 

Hence bodies that have equal quantities of motion^ 
have equal forces, or equal powers to produce mo- 
tion. 

70. If A and B be the masses of two bodies that 
move in the same straight line toward the same 
parts with the velocities a and b ; and if A and B 
are hard or soft bodies, so that after collision they go 
on together, and if t?. be the velocity after collision, 
Afl + Bi 

If 
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If i is negative, so that the bodies meet one another, 
the velocity after collisidn or v = A 4- B ' *^^ 

if A ce = B &, the velocity after collisioa is nothing, 
as before demonstrated. 



When the bodies are equal, these two formulas be- 
come 



±i± and ^=* 



2 2 

Aa 



itB is at rest, or &=0, die fbrmula is o =■ 



If B is an immoveable obstacle, it may be considered 
as a body that is infinite in respect of A, so that 
the denominator A ^ B is infinite, aiid therefore 

71. If A overtake B^ thej velocity lost by A is 
■ A^ I T^ J and the motion lost by it is ^i p J 

the velocity gained by B is - ^ 71 % and the 

motion gained by it is • ' a iTh ^ ^^ ^^^ ^^^^ 

was lost by A. 

When B meets A^ b becomes negative, and so 

the velocities gained or lost, are — [^ "^L \ 

A + 45 



A+B 



72. If 
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7S. If the two bodies before coll4Bi]pn> mc^yef in 
lines making a given angle with one another,, their 
path after collision may be found, on the principle^ 
that there is no change mdde in^ tb^ toral ^Mtity 
of the motion of bodies by their action on one ano- 
ther, in whatever direction their motion be estima- 
ted. 

If AC (fig. 4.) repreiient the velocity and direction o£ 
tie motion, of A, BC the velocity and direction of the 
motion of B, before collision ; CGr their joint path, 
and their velocity afler collision : Let BD and GS be 
perpendiculiur to AC ; then, became the quantity of 
motion in the direction AC remains the same, and 
also in the direction BD, we have tjie equations, 

A.AC+B.DC = (A + B)FC; and 

B.BD=z(A + B)FG. Hence CGmay 
be found. 

73. When the bodies between which the collision 
takes place are elastic, that is, when they are stich, 
that, after suffering an alteration in their figure by 
collision, th^ resume that figure with a force that 
makes them separate from one another ; the result 
is considerably different from the preceding. A 
body is said to be perfectly elastic, when^ in resto- 
ring its figure^ as much motion is produced, as was 
destroyed in altering it. 

74- If 
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74. if A and B arc two perfectly elistic bodies, 
bloving with the velocities a and b in the same di- 
rection, so that A overtakes B, the velocity of A 

after the stroke is a ^ u ' > *^d that 

A + Jj 

rj. QAa—Ab^Bb Bi — AA + 2Afl^ 
'^ ^' A + B > ""' A + B 

The investigation tiunid on this ; that the body which 
overtakes the other must lose twice as much velo- 
city as if it were hard ; and the other gain twice as 
much. 

If the bodies move in opposite directions, one of the 
velocities, as &, must be made negative. 

tf the bodies are equal, the velocity of A after the 
stroke is =. &, and that of B is equal a. The bodies 
therefore exchange velocities. 

When the velocity of either body, after collision^ 
comes but negative, we are to understand its direc- 
tion to be contrary to that which is accounted a£^ 
firmative; 

75. The difference of the velocities of two per- 
fectly elastic bodies, is the same before and after 
collision ; but the body which had the greatest ve- 
locity before collision, has the least after it. 

If A and B be the masses of the bodies, a and b 
their velocities before collision, a' and 4' their 
Velocities after it; a — {»=:y — a'. Hence, also, 

c 9 Hence^ 
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. Hence, too, the relative motion of the bodies is not 
changed by their collision. 

76. In perfectl]^ elastic bodies, the sum of the 
products made by multiplying each of the bodies 
into the square of its velocity, is the same after 
collision that it was before it. 

For as the quantities of motion before and after coK 
lision are the same, (68,) 

Aa + B& = Aa' + B^, 
or A (a —(f) = B(i'— i) ;. 
and since, a + a' = ft' + ft> 
therefore A (a^—a'0=B(J'^'— ib, ■ 

or Ad" +B6*= Aa'^ + Bi'*. 

See another demonstrjfttion, Maclaurin^ uJc^ounf of 
NewtovV Diacaveriea^ Book 11. ciiap. iv. § IS. 

77, If between two up^quaJL dastic bodies A and 
^, a third B be interposed ^ . and if the. least .A, be 

made to strike with any given velocity on B, the 
motion communicated to C will be the greatest 
possible, when B is a mean proportional between 
AandC. 

It is easily shewn, from § 74 that the velocity com-* 
municated to C is =t 

4 AB g ^ 4fAa 4A a 

(A +BnBTT!J - (A^jj(B + C) = ITiT^- 

This 
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This fraction is a maximum, when the denominator 

AC 
A 4* B 4. -^ 4- C is a minimum, that is, since 

A and C are given, when B* 3c AC, or when B is a 
mean proportional between A and C. 

Hhe ydodty of C fa A + g^AC ^ (i 

_ 4AC« ' \ 

- WA+V^' ' 

If the number of the bodies in geometrical progre»w 
sion be increased withoiit limit, the quantity of 
motion communicated to the last, from a given 
quantity of motion in the' first, hbwerer small, may 
also be increased vnlliout limit. 1. Notwithstanding 
this, as all the bodies move backward after collision 
but the last, if they form an increasing series, the sum 
of all the moitidns ill thi^directibtibf the first mo- 
irer continues ^^ A a. Also the sum^ df the prrf. 
dttbtsof each body, into the squareofits velocity, 
after collision^ remains as it was before, ec|[ual to 



78. If an elastic bo4y strike against an im- 
moveable plane, it will be reflected from it, so 
that its^ direction before ^nd after collision will 
make equal angles with the plaqe, but toward op- 
posite sides. 

qS If 
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If ibe el«t8tic bodj strike on the plape CD (fig. &.) ii^ 
the direction AB, it will be reflected in the di-. 
rectbn BE, so that the angles ABC, EBD shall be 
equal. 

79. If two elastic spherical bodies A and B, (fig. 6.) 
moving in directions, and with velocities represent- 
ed by the linds AA' BB-, come into contact at A', 
B', and if A^B' be the line which joins their centres 
at that moment : Then if the velocity of A be re- 
solved into two, AC, A'C, the one perpendicular 
to A'B', and the other parallel to it ; and if the ve- 
locity of B be resolved in like manner into BD, 
B'D ; after collision A will retain the velocity re- 
presented by AC, and B that represented by BD 
ynchanged ; but the velocities AC, BD, will be 
changed by the collision, into others which may 
be found by article 74, and if these be a' and b' ; 
then the path of A after the stroke will be the 
diagonal of a rectangle under A^E (= AC) and a^ 
and the path of B the diagonal of a rectangle un- 
d& BT (= BD) and i'. 

Thus the paths of the bodies i^fler colU9ion are deter? 
mined. 

^ 80. If the bodies are imperfectly elastic, that is, 

if, in restoring their figures, they do not generate 

velocities equal to those which were destroyed in 

altering them, their motions after collision are not 

1 . tl^e 
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the same that are here determined. They may 
be investigated, however, on similar princi- 
ples. 

When the bodies are imperfectly elastic, the sum of 
the products of bodies into the squares of their ve- 
locities does not continue the same afler collision 
that it was before it. The quantity of motion, 
however, estimated in a given direction, remains 
the same in every case. 

There is another law that extends to the collision of 
all bodies, whether elastic, unelastic, or imperfect* 
ly elastic. It is, that if each body be multiplied 
into the square of the change that has taken place 
in its velocity by the collision, the sum of these 
products is a minimum ; that is, using the prece* 
dmg notation A (a — aO* + ^ (J — i')* " ^^ least 
possible, or is less in the case which actually takes 
place in nature, than if the differences between a 
and a', b and 6', were other than they are. This 
law was discovered by Maupbrtuis. It is not de^ 
monstrated from principle, but is collected from th^ 
{Hreceding propositions by induction. 



G 4 JSect, 
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Sect. IV, 

OF MOTION EQUABLY ACCELERATED OR REr 
TARDED. 

81. When the motion of a body varies either 
in direction or velocity, as this cannot arise from 
any thing in the body itself it must be ascribed to 
the action of an external cause or force. 

The simplest case is, when the direction remabs the 
same, and when the velocity only varies. 

82. When the velocity of a body changes, the' 
cause of that change is called an accelerating or 
retarding force, and is measured by the change of 
the velocity produced in an indefinitely small por- 
tion of time, or by the increment of the velocity 
divided by the increment of the time. 

If F be the accelerating force, v the momentary ini 
crement'of the velocity, i that of the time. 



F= ^- 



Hence also v=zVi, and ^ = w- 



It 
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It has been disputed, whether this expression of the 
force be a necessary truth, or one known only from 
experience. D^Albmbert, Elmens de Phil, Melan^ 
ges, torn. 4. p. 197. It seems, however, to be in fact 
a definition, or an assumption, and not a theorem. • 
We have no distinct idea attached to the word force, 
which we can compare with that which is conveyed 

by the formula -» in order to see whether there is a 
necessary agreement between them or not. Therefore 



that lP = 'r is not a theorem.' But as the quanti- 
t 



ty 7- is of. great impwtance, and frequent recur- 
rence in . mechanical investigations, it is conve- 
nient to have a term to denote it. Though 
any tenp might be employed for this purpose ; 
yet as the thing called force, is conceived 
to be always greateir, the greater the change 
of'veldcity Which it produced in a given time, 

or to increase and diminish with r^ we may, with- 
jout diverting the word forge from its usual signi. 

^cation, employ it to denote the quantity -, or 

t 

the momentary increment of the velocity divided 
^y the corresponding increment of the time. The 

word 
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inrord Force has in reality, in dynMnks, no oth(gr 
signification than this ; die one may be everywhere 
sidtotituted for the other, and an .entire treatise of 
idynamics might be written, in which the word 
Force would not once occur. 

j^etarding Forces are here included under the head of 
Accelerating Forces, as the same force may accele- 
rate or retard, according as the velocity of the mo- 
ving body is in one direction or in the opposite. 

83. If a body be continually urged by the same 
accelerating force, in the same direction, its mo- 
tion will be uniformly accelerated, or its velocity 
will increase proportionally to the time. 

The momentary increment of the velocity will be al- 
ways the same, from the definition of accelera- 
ting force ; and as none of the velocity ever acqui- 
red can be lost, by the first law of motion, there- 
fore, it increases continually at the same rate. 

This is applicable particularly to the case of bodies 
falling by their gravity to the earth. The descent 
of these bodies, their velocity being found to in- 
crease uniformly, affords a direct and experiment 
tal proof of the first law of motion. 

The propositions that follow are all immediatdy ap- 
plied to falling bodies ; but they are equally appli- 
cable to all rectilineal motions produced by the con- 
stant action of the same force, 

84. If 
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84. If the velocity which a heavy body falling 
from rest, acquires in the first second of its ihotioa 
be called g^ then after any time f, v its velocity 
will be ^ X ^ ; and if s be the entire space through 
which it has descended, 2 g- / = t;*. 

Since ^o^gt^ apd therefore v* =^* f*, 

Qgs=g^t\ or s=zigt\ 

Hence if t = K, and if j' be the space fallen through 
in one second, g* =: 2 «' ; or the velocity is equal to 
twice the space fallen through in one second. 

The space through which a body falls in the first se- 
cond of time is sixteen feet and one inch nearly, 
and therefore g == 324 n^^arly, 

.85. If the velocity acquired by a body falling 
from rest, were at any point to become uniform, 
>t would carry the body, in an equal time, over 
twice tfce dist^ce which it ha§ actually fallen 
through* 

86, Jf a body be projected directly upwards 
with any velocity r, its motion will be uniformly 
retarded, or it will lose in every second a velocity 
equal to gj the velocity generated by gravity in a 
second. 

After the time t, the velocity of the body is c^tg; 
and the time at which the body reaches its greatest 



height where t? = P, is -. 

g 



87. The 
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87. The greatest height to which a heavy body 
can ascend, when projected directly upwards with 

the velocity i:, is -r— , the same height from which 

it must have fallen to acquire the velocity c ; and 
in all points, both of its ascent and descent, the re- 
lation between the time and the height A is ex* 
pressed by the equation 






or 



1 M . 

This equation gives tm-^ ± - iJ c^ — 2gh The 

g S 

reason why two different values of t correspond to 
the same value of A is, that the bodjr is at the same 
height at two diffident times, one in its ascent, and 
another in its descent. 

2c 
The sum of the two values of t is — ' or twice the 

g 
time of the ascent. 



The difference between them is - w c"* — g g- A, 



g 



88. If two bodies A and B, of which A is 
the heavier, be suspended over a pulley, move- 
able 
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able about a filled centre, A will descend, and will 

A — B 

be accelerated by a force proportional to > , ^ ^ 

or to the difference of the weights divided by their 
suiru ' 

If the natural force of gravity be expressed by g, the 
velocity wluch it gaierates in a second ; then the 

* A — B 

acceleration of the bodies will be . w x g- 

We may therefore diminish the intensity of gravita- 
tion at pleasure, or produce an accelerating force 
less than th^. force of gravity in any assigned ra* 
tio. . . 

. It is on this ))rmclple that Mr At wood's machine, for 
reducing the theory of accelerated motion to the 
test of experience, is contrived. 

The acceleration of filing bodies was discovered by 
fiuLiLEo, Dialogo III. de Motu hcaU, Opere, 'torn, 3L 
p. 98. edit Padova, 174*. 



SjSCT. 
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Sect. V. 



MOTION OF PROJECTILES. 



89^ If a heavy body be projected in the direction 
of a straight line, not perpendicular to the horizon, 
it will describe a parabola situate in the vertical 
plane passing through that straight line, and having 
ltd asLis perpendiciUar to: the horizon. 

The straight line in the direction of which the body is 
projected, tondhes the parabold in the pcdnt of pro- 
jection. 

Gravity is here supposed to have its intensity and its 
Section the same at all points, within the r8ii|[e of 
Uie sande projectile. We also fltetf act from the re-» 
sistance of the air* • 

'l*he perpeiidicular height of the directrix of the para-^ 

c* 
bola above tiie point of projection is ~ — 

l*his proposition was discovered by Galileo, and 
demonstrated, Dudogo iv. de Motu Pryectwum. 

90. If from the point of projection there be ta- 
ken upwards, in a vettical line, a part equal to 

c* 

^— , (c being the velocity with which the body is 

%g 

projected,) 
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projected,) the directrix of the parahola de^ribed 
by the projectile will pass through that point ; and 
the velocity of the projectile in every point of its 
path, will be the same that it would have acqui- 
red by falling freely from the height of the direc- 
trix. 

All the parabolas described by bodies projected firom 
the same point, and with the same velocities^ 
though with difTerent elevations, have the same di- 
rectrix ; and have their foci in the circumference of 
the same circle. 

91. If a body be projected with the velocity c, 
and in a iirecti<N0 thuEtt makes an angle E with the 
horizon, the diefawce at whieh it will strike the ho- 
rizontal plane, (or what is called its horizontal 
range) J will be equal to twice the perpendicular 
height to which it would be carried by its initial 
velocity, multiplied into the sine of double the 

angle E ; or = — . sin 2 E. 

o 
Hence the greatest horizontal range is, when the di- 
rection of the projectile makes an angle of 45o with 
the horizon: Also with respect to every other 
j(ahge, there lire two angles which will give the 
same range, the one as much less than 4fio as the 
other is greater. 



98. The 
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92. The greatest altitude above the point of pro- 
jectioiiy to which a projectile can ascend, is equal 
to the height corresponding to its initial velocity, 
multiplied into the square of the sine of the eleva- 

tion, that is, to — sin E*. Also the time of its 

flight from the moment of projection till it strike 
the horizontal plane passing through the point of 

2 c 

jjrojection, is — x sin E. 

The greatest height to which the ptojectile ascends i^ 
therefore as the squidre' of the vdocity, multiplied 
into the square of the sine of the elevation ; and 
the time of the flight ii simply as the velocity, mul<* 
tiplied into the sine of the elevation. 

■ ■ , • * 

93. The greatest distance to which a projectile 
can go in the direction of any plane whatever^ 
passing through the point of projection, is when 
Its direction bisects the angle which the given 
plane rfiakes with the vertical. 

94. The ppints of greatest distance at which a 
projectile, thrown with a given initial velocity, 
will strike the different planes in the last proposi-* 
tion, are all in a parabola given in positioUv 

Thitf 
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TUt|i«mtiQla hm ito aim p«vpei|dkHikirtw tike hori*. 
«o«» rad toilfllm.9}) the p«[ttkQll» described bjr the 
pn))ectile> whm Ibrown in the 9W9e ¥eFt)(?al plane, 
aad with ikt mtmfi vetocitjii 1m% at ^ybB^opt eleva- 



Sect, VI. 

or liavlQH AQGSIOWATBP Olt B£TA^P¥P BY A 
TARfABLB VQBCX. 



Q5. 4 ¥E changes of motioa, whether in velocity 
Qi- direction, are alw^yi; made gradually, and ne- 
vear, ^ it isi fjxpres^ied, ^^r mltum. Thoygh they 
iW^ «Qt, iiki^ thow treated of in the last s^ctiop, be 
exactly pcaparlioiial to the time, they a,re always 
praportional t<> 2l funcfim of the force and the 
time jointly, which function vanishes when either 
the ti»© W th^ fprqe i^ equal to nothing. ThiS 
foUows from th« fundamental equatiQn pf Dyna- 

mics, Fs-j or vr:zr t. 



The above k c$lled the mf o» cqntinuity, which, in 

what resp^t? free motions^ \» never violated. This 

B conclusion 
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conclusion agrees peffecUy with all the instaitoefi id 
which accelerated or retarded motitm can be traced 
by the senses, and therelm -we might- condude, 
even from analogj., that' it holds in those ^^ases 
where the progress of acceleration escapes observa- 
tion. When a ball, from being at rest, issues al- 
most in an instant from the mouth of a cannon, 
with the velocity of 1800 feet in a second, it 
is not to be imagined, that it has acquired the 
whole of that velocity,. or any part of it, sud- 
denly, and without the lapse of time. Could we 
divide time into small enough portions, and did we 
perfectly understand the Law of the Force produ- 
ced by the inflammation of gun-powder, we should 
be able to determine the point of time, and the place 
in the interior of the gun, at which the ball had any 
assignable velocity from to 1800 feet per seqond ; 
wheh, for instance, it had a velocity of one foot per 
jsecond ; of two, of 1 00, of 1200, &c. The same holds 
of the direction of motion ; a body from moving in 
one direction, does not come to move in anOthjer^ - 
without describing a portion of a curve, and taking, 
in its motion every possible direction from.the one 
to the other. 

The notion of the continuity of motion seems first to • 
have occurred to Galileo. Leibnitz introduced it: 
as a leading principle in his philosophy, and he 
proved the necessity of it by a metaphysical, but; 
conclusive argument. If a body receive an in- 
crease of its motion without the lapse of time, 
then the same body, at the same indivisible instant, 
is" in two different states, which is impossible. If, 
for instance, it is at the beginning of the motion 

that 
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. Ihat the AO^tfM is inade, the body is at the same in 
stant bo^h.at rest and in motion. 

96. Let AB (fig. 7.) ^c ^ straight line, along which 
a body is accelerated by forces directed from A to 
B J let the perpendicular AB be equal to the velo- 
city which a body,, accelerated by the force at A, 
would acquire in one second ; and let DEF be a 
curve so related to AB, that at any point whatever 
C, the ordinate CE^ may be fio AD as the accelera- 
ting force at C to- the accelerating f6rce at A ; 
then, if the body begin to descend from rest at A, 
the square of its velocity at any point C, is double 
of the curvilineal area AC£D. 

For^.by the construction, CE is proportional to the 
force at C = Tj » beitag the velocity which the mo- 

. ving body has acquired at C, and t the time of the 
descent from A to C. Now C c is the momentary 

increment of AC the space, and is therefore ^n v i; 

therefore, CE X C c = © r, and 2 CE x C c = 

2vv. But CE X C c is the momentary increment 

of the area ACED, and S r v is the momentary 
increment of v" ; therefore the square of the veloci- 
ty of the moving body, and twice the area of the 
curve ACED, increase at the same rate, and begin 
to exist at the satne time; therefore they afe equal. 
Nbwton*s /VtVictjp. i*. I. Prop. 39. 

d2 If 
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If the 1>ody teghi to taare from A wiA % tenain ve- 
lodtj, then the iRfFeretice between the sqnttre of its 
velocity at C and at A is equal to twice the area 
ACED. 

In like manner, if the body be projected upward with 
a given velocity, the difference between the square 
of the initial velocity, and the square of its vdioci- 
ty tft any pobit C, will be double of the area BCEF ; 
and if the motion of the body be destroyed mbetk it 
baB ascended to a certain p^At A, the Bqoare 4)f 
the initial velocity witt be ddubk of the area 
BADF. 

97. If a body be aceelerated or retarded hj bdj 
nuQiber of forces acting in succession, and each 
continuing its action while the body tnove^ over a 
certain "distance ; the •sum that is made up bf mul- 
tiplying each of these forces intd the distance over 
which it acts, and adding those pn>diicts together, 
will be proportional to the diffetence of the 
squares of the velocities of the body at the begin* 
fting and end of t!he action of those forces. 

98. Hence if the body is accelerated from rest, 
the sum collected, as in the last propoisltion, will 
be as the squarc of the velocity aicqaiMd y and if 
it be retarded or resisted till it come to test, the 
sum will be as the square of the initial velocity. 

Thus tf F., F, F'', F% &c are the &rc6s that act in 
succession, «, y, ^^y s^, tha AtHuoas 4r spaces 

orer 
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metwIAdk tkepMir t> the iwhcilj at the begm> 
afai9#f lie fclioiv«^' fli thee]idofit» 

Attdif «'"==0^ then 

99. If the force whkh eccderatcs ot retards in 
the kst proposkioiiy be ooiform, the distance to 
which the body will go before it acquire or lose a 
given vdbeity, will be as the sqinie oS that Telo- 
city. 

Oi^ this h founded that estimation of the y«rce of mo- 
ving bodies, which is known by the name of the 
VIS VIVA, and which makes that force proportional 
to the square of the velocity. The truth is, that 
the effect of a body in motion may be measured 
either by the distance it goes to, or by the time that 
elapses before a resistance of uniform intensity re- 
duce it to rest. If the effect be measured in the 
first of these ways, it will be found to be as the 
square of the velocity ; if in the second, as the ve- 
locity simply. Both these measures may be con- 
sidered as correct, and are not inconsistent when 
rightly understood. The former makes the effect 
F «, the latter F f, retaining the significations al- 
ready given to these letters. The same term, 
however, ought not to be indiscriminately applied 
to two things so essentially different It is most 
ccMifonMble to the use made oi the word Force, 
in the fundamental investigations of Dynamics, to 
take the quantity F^ for the measure of it, and 
D 3 therefore 



Digitized by VjOOQ IC 



54 OUTLINES OF HATURAL PHILOSOPHY. 

therefore to suppose it proportioiud to the.yelocitj 
simply. This is ..the only way in .wbidi: the 
limgii^;e of the science can be rendered perfectly 
consistent and free from ambiguity. But as the dis- 
tance to which a body goes before a given resis- 
tance destroys its moticm, is often an object of in- 
quiry, it may be proper to consider that distance as 
a measure of a certain power residing in the mo- 
ving body. It has been proposed to distinguish 
this power by the term Impetus^ 

This part of Dynamics would lead to the considera- 
tion of Central Forces, but as this is a subject of 
some difficiilty, and is most interesting when con- 
nected with astronomy, we shall defer treating of 
it till we enter on the explanation of the Planetary 
Motions, 



MECHANICS. 
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JMECHANICS. 



Sect. L 
of the centre of gravitt. 

100. If a bodj fixed to a plane be preserved in 
^quilibrio by a force having a given direction, and 
attached also to a given point in the plane, it will 
be kept in equilibrio by the same force, when at- 
tached to any other point whatever in the line of 
its first direction. 

Let the force be attadied by a thread to a given 
point in the plane ; while the tension of the thread 
and its direction continue, the equilibrium must 
continue. Suppose, then, that any other point in 
the thread is fixed down to the plane, it is evident, 
that the tension of the remaining part will not be 
changed by that circumstance ; and therefore t}ie 
equilibrium must remain. 

Carkot has given a different proof .of this propp- 
j^ition. Prindpea de rEquilibre, he. § 77. 

d4 fi. If 
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101. If two heavy bodies be fixed to a phoe 
moveable about a given pointy the bodies will be in 
eguilibrio if that point divide the distance between 
them in the inverse ratio of their weights or quan- 
tities of matter. 

A demonstration rjf ihh pfdpcM^ion may be deri* 
ved from the composition of motion, as is done by 
Newton, Prindpia Mathemaiica, p. 15. and by Ha- 
milton, Philosophical Essays, p. 145. 

A different demonstration was given by Archimedbi^ 
and has been improved by Macuivrin in his A(^ 
caufU i^f Newton's Diseovertes, and by Vincs in the 
Philosophical Transactions. See also Woon^s Jfe- 
chanics. Art. 73. 

103. The effect of any heavy body to pi^uce an 
angular motion in any system of bodies about a gi- 
ven centre, is proportional to the product of the 
mass of the body into the perpendicular drawn 
from the centre to a vertical line passing thfough 
the body. 

The axis of mdtioa df any body h a dMdght line, 
w4iich remaini fixed while Utt hbdy Ss ftae to re.* 
volve round U. 

103. The product of any heavy body into its dis- 
tance, from a vertical plane passing through the 
axis of motion, is called the mtmentmn tfthe bo^ 
dy relatively to that axis; lund in goDUttl, if, 
through the axis of motion, a plane be made to 

pass 
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p9^% parallel to the direction of any force, the pro<^ 
duct of diat force into its distance from the same 
plane is called the momentum of thejtyroe. 

194r. Any system of bodies being given, a point 
may be found, such, that if any plane pass through 
it, the sum of the momenta of the bodies on one 
side of the plane, relatively to the point found, 
shall be equal to the sum of the momenta of the 
bodies on the othqjiside of the plane, relatively to 
the same point. 

The point thus found, is called the centre of gravity 
of the system. 

Every system of bodies, therefore, and every indivi- 
dual body, (as a body may be regarded as a system 
of particles or infinitely small bodies), has a centre 
of gravity ; and that centre remains the same while 
the bodies retain their position relatively to one 
another, however the whole system may change its 
place relatively to the horizon. 

105, In any body or system of bodies, if the centre 
^f gramy be swtatned, the whole will remain at 
ttst* 

In other words, the body or system of bodies has no 
tendency to angular motion round its cefitre of gra» 
vity. 

106. The distance of the centre of gravity of any 
system of bodies from a given plane, is eqiial to 

the 
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the sum of the products of all the masses into tlieir 
distances from the plane, divided hy the sum of 
the masses. 

As a single bodj may be regarded as a system of par- 
ticles, this proposition applies to snth bodies, and i^ 
therefore noiversal. 

If the bodies be A, B, C, D, &c. and their perpendi- 
cular distance from a given plane a, &, c, d, &c. x 
the distance of the centre of gravity from the same 

plane,x= A + B + C + P ^ 

107. The effect of any number of bodies to pro- 
duce motion about a given point, is the same as 
if those bodies were united in their common centre 
of gravity. 

108. When a heavy body is at liberty to move 
about a fixed point, it will not be at rest till its 
centre of gravity is either the highest or the low- 
est possible. 

A body canpot retft on any^base, unless a peipendiqi^ 
lar to the horizon from its centre of gravity, fall 
within the base. 

The. centre of gravity of plain figures, and of- solids, 
may be found by the foregoing propositicMis. A 
few of the simplest and most elementary of these 
problems may serve as examples, 

109. To 
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109. To find the centre of gravity of any. number 
of bodies placed in the sante straight line at given 
distances from one another. ' 

The centre of gravity is found by Art. 106. 

If the bodies are A, B, C, D, and their distances 
from a given point in the straight line in which 
they are supposed to be placed, a, ft, c, dj the dis- 
tance of their centre of gravity from the same 

. . . Aa-f Bft + Cc + Drf 
P^"!'' '' A-fB + C-fD ' 

If the bodies are on different sides of the point to 
which their distances are referred, those on one 
side being accounted affirmative^ those on the oppo- 
posite must be reckoned negative, 

1 10. Any number of bodies being given in posi- 
tion, to find their centre of gravity. 

The bodies must be referred to three planes given in 
position, cutting one another at right angles, one 
of them horizontal,, and, of course, the other two 
vertical. 

Let the bodies be A, B, C, and D, their distances 
from the given horizontal plane a, b,c,d; their 
distances from one of the vertical planes a% y, </, d^; 
and from the other a^, &^, c^, #; then if we take. 

OP = — ^ B X r XD — ' centre of gravity 

of 
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of the system is ia a horizoatal plane at the db 
tance x ftom the pvw hiniasoQtol plane. 

centre of gravitj is in a plane parallel to the first of 
the two vertical planesi, and distant from it hj the 
line «'. 

Lastly, take, in the interseetion iff these planes, a 
point distant bom. the second vertical plane bj a 

quantity *-= A + a + C + D ^ 

This point wVX be the centre of gravity of the given 
bgdieS) as is evident from § 10^ 

1 1 1. To find the centre of gravity of a triangu- 
lar plane, all the points of which are supposed to 
gravitate equally. 

From two of tiie angles of the trfani^ dm w lines bi- 
secting the qiposite sides. Their intersection is 
• the centre of gravity. 

Each of these lines is divided by the point of intersec- 
tion, in the ratio of 2 to 1. 

1 12. To find the centre of gravity of a given py- 
ramid. 

Di^aw a straight line fi*om the verteic to the centre of 
gravity of the base, and divide it in the ratio of 
three to one, the greatest segment being next the 
vertex. The point so found is the centre of gravi- 
ty of the Pyramid. 

This 
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TiA comtnietimi appKes td a p]rram!d of any Bundbir 
of sides, and therefore also to a Cone. 



lis. To find the centre of gravity of any plane 
nauecbanicaUy. 

Saspend it by a |;i^n point in of nenr its perfmeUf^ 
aod wthm it is at nst, drair aemss it a ▼erticial 

line passing through that point. Suq^d it in like 
manner by another point, and draw a vertical line 
as befiare. The iaters^bn of these lines is the 
centre Qf gravity of the plane. 

If the bedy is of three ^menmoM, the same fnHsess 
may be followed ; but three suqpensioss wiU be in^ 
cessary. 

This xoa«ti?M:tl9n i$ refmi^ po by Pap^pu^s Af^xAK^ 

Of the Motion of the Centre of G}*a^}ty. 

In the preceding propositions, the centres of gravity 
-of bodies or systems, in wUich the parts "preserved 
the ^me felative porf<ft»n, Jiavie mily been conai- 
dered. tt is evident, faiiwcra% that in any systan^ 
thoiq;k thefwrts be iwt teed UiUrn swie relative 
position^ the centre of <g;ravi|;y for any given pmi- 
tioB may be found ; and there are some jenenJ 
{urop^rties of the centres so found, that are very im- 
jH)rtant in mechanics. 

114. If any number of bodies move uniformly in 
straight lines, their conamoa centre of gravity ^vill 

also 
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•jRbo move iiniforoily iu a 8traight>liafi» or wiU re- 
main at rest* , r >• t -• 

NswTOiri Principiay LA. 1. Lemma 23. 

115. The mutual action of bodies does not change 
.the state of their .centre of..giuvity»; fdtiKsr g^ re- 
maining at rest^ or :as moving iunifinnlly in a 
straight line. : - 

1 16. The quantity of motion in any System of 
bodies estimated in a given direction, remains con- 
stantly the same, whatever may be the mutual ac- 
tion of these bodies' oh biie another'.'' 

Both this and the preceding proposition are conse- 
quences of the^uaKty 'that takes plJEu^e /between 
the actibn ind i^e-^u^ion of bodies. The quantity 
of motion in any system is the same as if all the 
parts of it were united in the centre of gravity of 
the whole. 

I17,Jf there be a system of bodies acting any 
how on one another, j^nd if at ^ny point of time we 
compute the motions, which these bodies would 
have m the succeeding instant, were they all free 
from their mutual actktti ; arid if we also compute 
the miotions, which,' in consequence of their mu- 
tual action, they really have in that instant, the 
motions which must be compounded with the first 
of these, in order to produce the second, are such 
as, if they acted on the system alone, would pro- 
duce 
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dace no motion at all, or would be in equilibria 
with one another. 

The principle here lidd down was discovered by 
D^Albmbbrt. It is a result of the equality of ac- 
tion and re-action, or rather, it is that very equali- 
ty expressed with perfect -generaEty and precision. 
It was supposed before, that the motions combi- 
ned with the first of those above described, in or- 
der to produce the second, murt, when added to-^ 
g^er,: be equal to noHiing ; . whereas it is not th^r 
motions simply^ but their mpmeDta» which, wh^f 
added together, must be equal to nothing. 

. pi'his prjnciple is of great importance for deducing the 
^ laws Q^.ccuistrainfd from.thos^of jQreis^otioii, and 
alfords the qnly general, method of a^terminipg the 
manner wherein motion distributes ' itself tfajroogh 
all the parts of a system to which it is any how 
communicated. It may very properly be called the 
Principle of the JHatribution ti^Motwn. 

A simple instance of its application is afforded by the 
■ following problem; - ^ M 

118. Let two bodies connected 1^ a etr^ght tod^j^ 
without W6^|it, be moveable about an axi& pa^sjing 
through tbeir centre of gravity j and let a motion be 
comtniuucated to one of theni, whicfe, were ^it de- 
tached and single, U^^ould give it a velocity. c j re- 
quired, the anguliir' vielocity with which the bodies 
will begin to revolve ? : ; 

. ' ' ••/.• '' • ■'■■' ■ • ^^ 

Skct. 
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StCT. II. 
OF THi: MSCHAXICAl. TOWERS* 

119* A M8CHANICAL pQw^x^ ia w instrument by 
which the effect of a given force is inere^ed^ while 
the force itself remains the same.. 

' The simple mechanical powers into which more com- 
plex machines are resolved, are these : 1. The Le- 
ver; 2. The Wheel and Axle; 3. The Pulley; 
4, The Wedge ; 5. The Screw ; 6. The Funicular 
Machine* 

Of the Lever. 

120. Def. — ^A lever is an inflexible rod, moveable 
about a centre or fulcrum, and having forces ap- 
plied to two ior mote points in it. 

The simplest state of the lever is, when there are on- 
ly two forces ; and of this there are two cases : in 
the first, the fulcrum is between the points where 
th» forces are applied, and the forces are directed 
tiie same way ; in the second, the points tp which 
the forces are applied, are on the same side of the 
fulcrum, and the forces are directed opposite ways. 

8 la 



Digitized by VjOOQ IC 



Mechanics* 65 

In irieating of the lever, it is usual to distinguish the 
forces by the names of the Power and the Weight, 
or the Power and the Resistance, — ^terms that have a 
reference to the intention with which the machine 
is used, not to any real difference in the action of 
the forces* 

We shall begin with abstracting entirely from the 
weight of the lever itself. 

121. If two forces be applied to a lever having 
equal and opposite mcmentaf that is, tending to 
produce motion in opposite directions, and being 
inversely as the perpendiculars drawn to their di- 
rection from the fulcrum, they will be in equili- 
brium with one another. 

When the forces are parallel, this proposition coin- 
cides with the property of the centre of gravity, 
§ 101. When they are oblique, the case is reduced 
to the preceding by the resolution of forces. 

122. If any number of forces be applied to a 
lever, there will be an equilibrium, if the sums of 
the opposite momenta be equal to one another. 

This proposition also coincides with a property of the 
centre of gravity (§ 105). 

128. When any number of forces are perpendi- 
cularly applied to a lever, the fulcrum is loaded 

K with 
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with the sum of the forces, if they are all in the 
same direction, and with their difference, if they 
are in opposite directions. 

124. When there is an equilihrium in the lever, 
if each force be multiplied into the velocity which 
the point of its application would have, if motion 
were to take place, the sum of all the products so 
formed is equal to nothing. 

Forces that act in i^ppoAid direclioiis are here ac^ 
counted positive and negative. This is always to 
be understood when the sums of forces or of mo^ 
menta are said to be equal to nothing. 

Thb property of the lever is common to all the me- 
chanical powers, and, indeed, to all machines what- 
soever. It is known by the name of the principle 
of Virtual Velocities^ and consists in this, that if 
the equilibrium of a machine be disturbed, by a 
quantity indefinitely smdQ, and if the velocity of 
each force be multiplied into its quantity, the sum 
of these products, reckoning the forces wUch are 
in opposite directions, positive and negative with 
respect to one another, will be equal to nothing. 
This principle was suggested by Bernouilli, 
and is of great use in mechanical investigations. 
It admits of a general, though indirect, demon-^ 
stration. 

The velocities compared, being not actual, but such 
as would take place if a certain event, the subvert 

sion 
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frtrljr d«»i)iaa|iiA^d^ virtmf» 

The differej^t Cjwes of the lever^ whether it be straight 
or crxM>ked^ and the forces perpendicular or obBque, 
are «ill comprehended in the preceding propositionsi 
The case of oblique forces admits of a very concise 
expression in terms of the angles^ 

125. If two oblique forces be applied to the ex- 
tremities of a straight lever, there will be an equi- 
librium between them, if they be inversely as the 
lengths of the arms by which they act, multiplied 
into the sines of the angles which their directions 
make with the lever. 

It is evident that this proposition is general, and com^ 
prehends the case of perpendicular forces. 

126I, If a beam of any form be kept in equili- 
brium by three forces applied to different points in 
it, these forces must either be parallel, or con- 
verge to the same point. 

If at the point to whidi the three lines converge, wc 
take parts in those lines proportional to the forces, 
they will form the sides and the diagonal of a pa- 
rallelogram ; and if at the point in which this.dia- 
gonal intersects the beam, we suppose a fulcrum to 
be placed ^ the beam will be converted into an ordi-' 
E 2 nary 
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nary lever, and the weight sustained b^ the fldcninf 
will be to either of the other two forces, as^ the dia* 
gonal of the pandlelogram to the side which cor- 
responds to that force : also the two extreme forces 
will be to one another inversely as the sines of the 
angles which their directions make with Ae above 
diagonal. 



127. If we would allow for the weight of the le- 
ver itself, we must suppose its weight to be united 
in its centre of gravity, and to act there as a third 
force, added to the power or the resistance, accord- 
ing to the side of the fulcrum on which it is pla- 
ced. 

128. When a beam carrying a weight, is sup- 
ported in a horizontal position by two props, the 
weights which the props sustain are inversely pro- 
portional to their distances from the centre of gra- 
vity of the weight. 

129. If a weight W, be sustained on a horizon- 
tal plane by three props, (not in a straight line), 
the pressure on each will be the same as if a single 
weight were laid on it, so that the sum of all the 
three weights were equal to W, and their common 
centre of gravity the same with the centre of gra- 
vity of that body. 

If 
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If the props be A, B, C, (fig. 8.), aad if W 
lie placed with its centre of gravity at D, and 
if ADGy BDF, CDE, be drawn, the pressure 

on B is g X W, 

on C is ^ X W. 

When D coincides with the centre of gravity of the 
triangle ABC, the pressure on each of the props is 
the same. 

If W be supported by more than three props, the pro- 
blem appears to be indeterminate, or to admit of 
innumerable solutions. 

Nevertheless, if the centre of gravity of W^ as it rests 
on the plane, be the same with the centre of gravi- 
ty of the figure made by joining the tops of the 
props by straight lines, the pressures on the props 
are all equal to one another. 

The lever is the simplest of the mechanical powers, 
and appears to be the first that was attempted to be 
explained. Aristotle has treated of it in his Me- 
chanical Questions, and has even endeavoured to re- 
duce some other of the mechanical powers to the 
lever. The first accurate explanation, however, 
was given by Archimedes, Lib, i. de t^quiponderanr 
tibus, Prop, 6. 

The lever is used in mechanics in various forms and 

combinations. The compound lever is, where oae 

E 3 lever 
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lever u made to turn another; «pd then'an equQU 
brium takes place, when die weight is to tike powei? 
as the product of aH the arms, taken altsmatelj, 
beginning with that to which the power is applied, 
to the product o^ all the other arms. 

The common apparatus for raising a drawrbridge, is 
a combination of a lever of the first kind^ with a 
lever of the second ; the two levers are parallel^ 
and remain in equilibrio in al][ situations. 

In the construction of the animal body, this mechani- 
cal powor is much emi^loyed. The bone is the le- 
ver, the muscle is the power, or rather the medium 
through which the power acts, and the jc&it is the 
fulcrum. The insertion of the muscle, or the point 
to which the power is applied, is usually nearer the 
joint or fulcrum than the weight to be raised is. 
A different structure might have produced more 
strength, but would have diminished the activity of 
tl^e animal, and the velocity of its motiop, 



Of the Balance. 

180. The balance is a lever with equal arms, 
used for coinparing weights with one another, and, 
when well constructed, must have the following 
properties : 1. It should rest in a horizontal posi- 
tion, when loaded with equal weights. 2- It should 
have great sensibility, that is, the addition of a 
small weight in either scale should disturb the 
equilibrium, and make the beam incline sensibly 
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kom the fa|Mri9,0Qlal position. 3. It should have 
great stability, that is, when disturbed, it should 
quickly return to a state of rest. 

That the first requsite may be obtaiiied, the beam 
must have equal arms ; and the centre of suspension 
must be higher than the centre of gravity. Were 
these centres to coincide, the beam, when the 
weights were equal, would rest in any position, and 
the addition of the smallest weight would overset 
the balance, and place the beam m a vertical situa- 
tion^ from which it would have no tendency to re« 
turn. The saisibility in this case, would be the 
greatest possible ; but the other two requisites of 
level and stability would be entirely lost. The 
case would be even worse, if the centre of gravity 
were lower than the centre of suspension, as the 
balance, when deranged, would make a revolution 
of no less than a semicircle. When the centre of sus- 
pension is higher than the centre of gravity, if the 
wei^ts be equal, the beam will be horizontal, and 
if they be unequal, it will take an oblique position, 
and will raise the centre of gravity of the whole, 
making the momentum on the side of the lighter 
weight equal to that on the side of the heavier, so 
that an equilibrium will again take place. 

The second requisite is the sensibility of the balance, 
or the smallness of the weight by which a given 
angle of inclination is produced. If a be the 
length of the arm of the balance, and b the distance 
between the centre of suspension and the centre of 
gravity, P the load in either scale, and W the 
E 4 weight 
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weight of the beam, the sensibifity of the balance 
is as i / o p J, \V\ ' ^^ ^ therefore greater, the 

greater the length of the arm, th6 less the distance 
between the two centres, and the less the weight 
with which the balance is loaded. 

Lastly, The stability, or the force with which the 
state of equilibrium is recovered, is proportional 
to (2 P •-}- W) 6, the denominator of the preceding 
fraction. 

The diminution of &, therefore, while it increases the 
sensibility, lessens the stability of the balance. 
The lengthening of a will, bowevef, increase the 
former of these quantities, without diminishing the 
latter. The above formi^las are of great practical 
utility, because, by means of them, one balance may 
be made having exactly the same sensibility and 
stability with another : it is only required, that the 
ratio of the lengths of the arms should be the same 
with that which is compounded of the ratios of the 
distances of the centres of gravity ^d suspension, 
and of the weights of the beams. 

A balance made by Ramsdeit for the Royal Society, 
is capable of weighing ten pounds, and turns with 
half a grain, the ten millionth part of the weight. 
Young's Lectures^ vol. i. p. 125. The descriptions 
of balances, given by mechanical writers, are ge^ 
nerally defective, as they do not give the values of 
a, 6, and W, the quantities on which the merit of 
the balance depends, and by the knowledge of 
which similar instruments might be constructed. 

In 
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In some of the nicest balances, b is made variable 
by means of a small moveable weight. 

Consult La Hire, Traite it Mechantque, prop.' 33. 
MuscHENBROEK, § 383, &c. EuLER, Comment. Pe- 
trop, tom. X. p. 1. &c. Magellan, Journal de Phys, 
torn, XVII. (1781), p. 43. 



Of the JVhed and Axle. 

131. The wheel and axle, consists of a wheel 
having a cylindric axis passing through its centre, 
and moveable in two grooves. The power is ap- 
plied to the circumference of the wheel, and the 
weight to the circumference of the axle. An 
equilibrium in this instrument takes place, when 
the radius of the wheel, multiplied into the power, 
is equal to the radius of the axle multiplied into 
the weight ; or when the power and weight are 
inversely as the radii of the circles to which they 
are applied. 

It is supposed here, that the power and the weight 
both act at right angles to the radius. 

The wheel and axle is nothing else but a lever, so 
contrived as to have a continued motion about its 
fulcrum. The principle of the virtual velocities is 
here obviously applicable. If the power act not at 
the circumference of the wheel, but at the extre- 
mity of a handspike inserted in the wheel, the dis- 
^ ' tance 
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tanee of that extremitj from tbe centre of tbe 
axis, is to be accounted the radius of the wheel. 

The Capstan, the Windlass, and other contrivaBces of 
a similar nature, are nothing else than the wheel 
and axle adapted to particular circumstanoes. 

The mechanical contrivance called a Crank, is a spe* 
cies of wheel and axle. If the force which acts 
upon a crank presses it directly down and up alter^ 
nately, the effect, compared with what would take 
place if the force acted at right angles to the arm 
of the crank all round, is as twice the diameter of 
a circle to its circumference, or as seven to eleven 
nearly. 

The combinations of wheels, so useful in mechanics, 
are generally reducible to the wheel and axle, 
though the wheel which turns the other is not aU 
ways upon the same axis with it. The motion, in 
9uch cases, is conununicated from the one wheel to 
the other, either by bdts or straps passing over the 
circumference of both; or by teeth cut in the 
circumference of each, and working in one ano» 
therr 

132. When one wheel- moves anotlier in either 
q{ these ways, the velocities of their circumfer- 
ences are equal ; and therefore their angular velo- 
cities, or the number of revolutions which they 
jnake in the same time, are inversely as their ra- 
dii. 

In 
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%n combinations of wheels Gommunicating niotion to 
one another, it is usual to call the smaller wheel 
fu;ted on by a larger one, a pinion ; and the teeth 
the leaves of it. Sometimes the smaller wheel is a 
cylinder J in which the top and bottom are formed by 
circles, connected by staves inserted in them at equajl 
distances along their circumferences ; and it is then 
called a lantern^ the staves serving for teeth. It 
is usual also to employ the wheeU and pinions, as 
in figure 9, where A Lh a large wheel, driving a 
pinion b on the samie axle with the great wheel B ; 
B acts on the pinion c, which is on th^ same axle 
with the lajrse wheel C ; and C drives the pinion d, 
jbc. 

J 33. When motion is communicated through a 
number of wheels ^d pinions, the angular veloci- 
ty of the first wheel, is to the angular velocity of 
the last pinion, as the product made by multiply- 
ing together the number of the teeth in every pi-r 
nion, to the product made by multiplying together 
the number of the teeth in every wheel ; and that 
same ratio, compounded with the ratio of the ra^ 
dius of the last pinion, to the radius of the first 
wheel, will give the r^tio of the power to the re- 
sistance when an equilibrium takes place. 

The truth of the first part of this proposition is evi^ 
dent from § 132. ; and the truth of the latter 
part follows from the principle of the virtual vela? 
citi(B8; 

134- When 
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134. When wheels act by teeth working iii one 
another, notwithstanding that the length and po- 
sition of the levers by which they act, are conti- 
nually changing, the force of the one upon the 
other will remain constant, if the line which is 
drawn perpendicular to the surfaces of both teeth 
at the point of contact, pas^ continually through 
the same point of the line which joins the centres 
of the wheels. 

It is here necessary to distinguish between what is 
called the totaly and the primitive radius of a wheeL 
The total radius extends from the centre to the ex- 
tremities of the teeth ; and the primitive extends 
only to the point where the teeth would touch, if 
they were to act merely by contact. If the distance 
between the centres of the wheels be divided by the 
point O, (fig. 10.), in the ratio of the number of teeth 
which the wheels are required to have, AO and 
BO will be the primitive radii of the wheels, and 
O is the point through which the perpendiculars in 
the above proposition must be supposed to pass. 

135. There are many different curves, accord- 
ing to which the teeth of wheels might be formed, 
so as to answer the condition in the last proposi- 
tion ; but that which seems most convenient, and 
which has been most generally adopted, is the epi^ 
cycloid. 

Vid. EuLER, Nov. Com, Petrop, v. p. 29ft and xi. 

p. 207. One of the curves there proposed, is 

3 the 
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tlie evoluit o( the circle. The same is mentioned, 
Encyc. Brit 

tf the circumference of one circle be made to roll 
along the circumference of another, the curve de- 
scribed by any given point in its circumference, is 
ah epicycloid. The circle which rolls is called the 
generating circle, and that on which it rolls the base 
of the epicycloid. As the former may be apposed 
to roll either oh the outside or the inside of the lat« 
* ter, there atre two kinds of epicycloids, distinguish* 
ed by the names of Exterior and Interior. 

136. Let it be required, having given the mag- 
nitude of a wheel and pinion, and the numbers of 
teeth in each, to determine the figure of those teeth. 
Let CB (fig. 10.) be the primitive radius of the 
wheel, and BD the base of the tooth ; bisect BD 
in E, draw CE, and produce it indefinitely ; and 
with a generating circle, of which the radius is 
half the primitive radius of the pinion, describe 
an arch of an epicycloid on the primitive circum- 
ference of the wheel as a base, beginning at the 
point B, and intersecting CE in F. Then BF is 
the figure of one face of the tooth, and in the sanpie 
manner may the other FL be determined. When 
one tooth is formed, it may serve as a model for 
the rest. 

The teeth of the pinion are to be determined in 
the same manner ; the radius of the generating 

circle 
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circle being made equal to half the primitire ra- 
dius of the wheel. 

See Camus on the Teeth of Wheels, Article 648. p. 63.' 
et seq. of the English translation. 

l*oothed wheels ate frequentlj employed for chan-' 
gifig the direction of motion : the directions of their' 
axes are then iacUned to one another, and the 
parla of their rims where the teeth ane placed, are 
cut into frustuios of cooes, each of which has its 
vertex in the intersection of the a;xetf of the two 
wheels. Wheels of this kind are called bevetkdy or 
crown wheeh. 

137. The figures of the teeth of bevelled whceky 
are determined by an epicycloidal surface, ge- 
nerated by a straight line, on the surface of 
a cone, while the cone rolls on the conical part of 
the wheel, its vertex being in the point where the 
axes of the wheels intersect. The line on the sur- 
face of the revolving cone passes through its ver« 
tex. 

Consult Camus on the Teeth of Wheels^ Article 567^ 
&c. The curve generated by a point on the surface 
of a revolving cone, is there called a Spherical Epi- 
cycloid, as being on the surface of a qihere. Dr 
Brewster, in the Appendix to Fergtiaon's Mechanics, 
vol. II. p. 233. treats of the construction of bevelled 
wheels. 

Toothed wheels are employed in mechanics, not only 
for increasing or diminishing velocity, so as to 

adapt 
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H^t It pMikr pa#er to (Ik {mrpDse of prnducmg n 
isefUiti eflfebt, as in a cotmnon mill, whene the sloi^ 
motion of the wftter^^wheel ii dMde to pfoioce the 
rapid motion of the millstone, but they are also 
emjdojed for the purpose of producing angular 
motions, that shall cftbtain, with great precision, gi- 
ven ratios to one anotiien This happens in. clock- 
work, and it is tbera of importance to determine 
with accuracy the number of wheels, and the num- 
ber of teeth in each. Suppose it b required to 
make one wheel turn exactly 240 times, while, ano- 
tlier turns once : The smaller wheel, which is to 
turn the fastest, cannot have fewer than 6 leaves 
or teeth : The other, therefore, ought to have 6 
times 240, or 1440, which is more than can con- 
veniently be given to otte wheels S upp ose, then, 
tiiat t^i^ wheels ABC, and three pinions bcd^ 
as in fig<ure 9, are to be em^^kiyed : Then the 
mguiuc vel^ty of A is to the angular velocity of 

*XcXiftJoAXBXC, 

these letters denoting the number of teeth in their 
respective wheels, therefore 

A XBX C:ixcxd::a40:l. 
Let tiie number of teeth in the pimons be 7, 5^ 
and 11, then 

AxBxC:7x5xll::340:l; 

andAXBXC=:7X5XllX 240, or resol- 
ving 240 into its simple factors, 
AXBXC = 7X5X 11X3X2^X2X2X2X& 

Tbes« 
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These factors, combined into thcee different groupie 
in any order, will give three products that may be 
substituted for A, B, and C. 

We may take, for instance, 6 X 11, 7 X 3 X 2, 
and 2 X 2 X 2 X 5, which will give 66, 42 and 
40, for the numbers of the teeth that are to work 
in the pinions, where the numbers are 7| 6 and 11. 
The angular velocity of A wiU thus be to the an- 
gular velocity of d in the ratio required. 

138. The number of teeth in a wheel, and in a 
pinion which work together, should be prime to 
one another, that their coincidences may not re- 
cur in the same order after every revolution.^ 

The numbers expressing the ratio of the angidar ve-« 
locity of the wheel to that of the pinion, may some- 
times be fractional, and may consist of so many 
places, when the fractions are taken away, that, to 
make the motions exactly in their ratio, would re- 
quire more wheels, and a greater number of teeth, 
than can conveniently be allowed. It is then of con- 
sequence to find two numbers that will express the 
ratio, not exactly, but more nearly, than can be 
done by smaller numbers. The method of finding 
such numbers, is explained in the Elements of 
Algebra. See Euler, EUm. d^Jlgebrcy tom. ii. 
Additions, § 19. ; also Wood's Algebra, § 371, 



oj 
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Of the Bulky. 

I39. The pulley is a wheel moveable on an axis 
y^ixh a groove cut in its circumference, round 
which a cord passes. The axis of the pulley is 
either fixed or moveable. When fixed, the pul- 
ley gives no mechanical advantage, but serves 
merely to change the direction of the power ap- 
plied to the cord which passes over it. When the 
axis of the pulley is moveable, one end of the cord 
is made fast to a fixed point ; the power is applied 
to the other, and the weight hangs by the block 
in which the axis of the pulley is fixed. By a 
single pulley of this construction, a force is enabled 
to balance another twice as great. 

Various combinations of pulleys give various degrees 
of advantage ; but in every case there is an equili- 
brium, when the spaces that would be passed over 
by the power and the weight in the same time, are 
in the inverse ratio of their quantities. . 

It is obvious, that the pulley is reducible to the lever 
of the second kind, or, still more directly, to the 
case^ § 128. of a body supported by two props. 

The combination of pulleys that has the most simpli- 
city, is that in which a number of puUeys hang 
above one another in an oblique Une, each dou- 
F bling 
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bUng the power of that which is under it, so that 
as the number of pulleys increases in arithmetical 
progression, the adrantage increases in geometrical 
progression. From being so extremely portable, 
and so applicable to cordage, the pulley is of all 
the mechanical powers the most useful at sea. 



OfthtJVedge. 

140. The wedge is a triangular prism, made of 
wood or of metal. It is usual to make the prism 
isosceles, and the angle contained between the 
equal sides more acute than the others. When, 
instead of being isosceles, the prism is rectangular, 
and has one of the planes containing the right 
angle, placed horixontally, the wedge coincides 
with the inclined plane, which is sometimes con- 
sidered as a mechanical power distinct from the 
rest. 

There lias been a considerable difference in the rules 
given by mechanical writers for determining the 
power of the wedge. This has arisen, from not at- 
tending sufficiently to the direction of the resis- 
tance, and to andther circumstance, whether both 
the resisting bodies are moveable, or one of them 
only. Thel)est way of considering the subject, is 
to resolve all the forces that act iqpon the wedge 
inU> parts parallel to two axes, at right angles to one 
another, and one of them paiallel to the back of the 

wedge. 
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wedge, or the side to which the power is applied^ In 
the case of equilibrium, the opposite forces, in the 
direction of these axes, must be equal to one ano- 
ther. In this way the following theorems are easi- 
ly inyestigated. 

141. When three forces are applied perpendicu- 
larly to the three faces of a triangular prism or 
wedge, they will be in equilibria^ if their directions 
intersect in the same point, and if they are to one 
another as the lengths of the sides to which they 
are applied, 

142. If the resistance to the motion of an isos- 
celes wedge be parallel to the back of the wedge, 
there will be an equilibrium, when the power ap- 
plied to the back of the wedge is to the sum of the 
resistances, as the thickness of the back to twice 
the height of the wedge j and therefore if the bo- 
dies are equal, the power will be to the resistance 
of either of them, as half the base of the wedge to 
the height of it. 

If one of the resisting bodies only is moveable, the 
power wiU be to the resistance as the base of the 
wedge to its height. 

The more acute the wedge, the greater its power, or 
die smaller the force required to overcome a given 
resistance. 

143. When the wedge becomes an inclined 
f3 plane, 
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plane, with its base horizontal, if the direction of 
the power be parallel to the plane, there will be 
an equilibrium when the power is to the resis* 
tance, as the height of the plane to its length, or 
as the sine of its inclination to the radius. 

144. Universally there will be an equilibrium in 
the case of the inclined plane, when the power is 
to the resistance, as the sine of the inclination of 
the plane to the cosine of the angle which the di- 
rection of the power makes with the plane. 

BoBsuT, Art. 263. Conmtnt. Pttrpip. torn. ii. p. 282. 

A wedge may have the form of a pyramid, as weH as 
of a prism. In the case of a pyramidal wedge, the 
fortes that act must be resolved according to three 
axes, by which three equations will be obtained. 

145. In a pyramidal wedge, where the triangu- 
lar faces are inclined, at the same angle f\ to the 
base, to produce an equilibrium, the power must 
be to the sum of the resistances, as the cosine of { 
to the radius. 

Piercing instruments are all reducible to wedges of 
this kind, NaOs, Bayonets, Stakes, Piles, &c. The 
resistance in some of these increases with the sur- 
face to which it is applied. Though a wedge be of 
a conical form, it is comprehended under the pre-* 
ceding theorem. 

The common wedge is generally employed for clea- 
ving, and otherwise overcoming the force of cohe- 
sion 
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sion in bodies: it may sometimes be used with 
ndvantage for raising great weights to a small 
height 

All cutting instruments may be referred to it, Knives, 
Chissels, Scissars, the Teeth of Animals, &c. A 
Saw is a series of wedges, on which the motion 
impressed is oblique to the resistance. A Wimble ~ 
is a wedge to which a circular motion is given. 

The power i^lied to the wedge, when great resist- 
ance b to be overcome, is usually percussion ; and 
almost the only instance in which it is used for the 
purpose of equilibrium, is in the construction of 
arches^ built of truncated wedges. As the consi- 
deration of this equilibrium would lead to too long 
a digression in this place, it will be treated of in 
an Appendix. 



Of ike Screw. 

146, The screw is a spiral groove or thread, 
winding round a cylinder, so as to cut all the lines 
drawn on its surface parallel to its axis, at the 
same angle. The spiral may be either on the 
convex or concave surface of the cylinder, and the 
screw is called accordingly, either the exterior or 
the interior screw. 

The screw is properly referred to the species of wedge 

called the Inclined Plane, and its principle, like 

f3 that 
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that of jthe wedge, is easily reduced to the composi- 
tion of forces. 

147. If the power be applied parallel to the base 
of the screw, and perpendicular to the radius of 
the cylinder ; and if the weight press perpendicu- 
larly on the axis, an equilibrium is produced 
when the power is to the resistance, as the dis- 
tance between two threads of the screw to the cir- 
cumference described by the point to which the 
power is applied. 

MuscHENBROEK, § 482. BossuT, § 284. S'^Graye- 

' SANDE, § 281, 

The screw is of great use for compressing bodies. A 
kind of percussion is sometimes added to i);, as in 
the apparatus for coining. The great attrition or 
friction which takes place in the screw, is useful by 
retaining it in the state to which it has been once 
brought, and continuing the effect after the power 
is removed. The screw is also applied, with much 
advantage, to raise great weights to a small height, 
and support them in that situation. 

The use of the screw to raise water, in the manner 
invented by Archimedes, is a very remarkable ap- 
plication of it. 1 his screw is usually formed by a 
spiral tube winding round a cylinder, and it may 
be applied to raise any body that can pass within 
the tube as well as a fluid. If a screw thus form- 
ed be placed obliquely, so as to make, with the ver- 
tical, an angle equal to that which the spiral makes 
with the lines parallel to the axis, there will be in 

each 
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each turn of the spiral a part parallel to the hori- 
zon, where, if a body were placed, it would be at 
rest If, then, the screw be turned, the body will 
ascend, because the part of the screw behind it be- 
comes more inclined than the part before it, so that 
the body is urged forward, and consequently as- 
cends. 

If the screw used in this manner, be turned with great 
rapidity, the body may acquire a centrifugal force 
so great as to overcome its gravity ; in which case it 
will descend. 

On-the subject of Archimedes'^s Screw, see Bernouil- 
Li Hydrodynamica^ Sect. ix. § 26. Also Euler, 
Nov. Com. Petrop. v. p. 359, &c. Hennert. sur 
la Vie d^Archimede. 

The screw b also employed in the division of mathe- 
matical instruments, and in reading off from them. 
The contrivance known by the name of the Micro- 
meter Screw, is used for measuring angles with 
great exactness. In Ramsd^n'^s Dividing Instru- 
ment, the screw is applied for the same purpose. 



Of the Funicular Machine. 

148- If a body fixed to two or more ropes, is 
sustained by powers which act by means of those 
ropes, this assemblage is called the Funicular or 
Rope Machine. 

See Varignon, vol. i. p. 93, &c. ; also Bossut, Me- 
chanique art. 190. 

F 4 149. If 
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149- If a body is sustained by two forces acting 
at the ends of two ropes, these forces will be in 
the inverse ratio of the sines of the angles which 
their directions make with the direction of the 
weij^ht ; or directly as the secants of the angles 
which their directions make with the horizon. 

Hence the sum of the powers is to the weighty as the 
sum of the sines of the angles which the powers 
make with the direction of the weight, to the sine of 
the angle which the powers make with one another, 

150. If the body is sustained by more than two 
cords, the powers, by the resolution of forces, may 
always be reduced to two. 

15 1. If any number of points be given either in 
the same or in different planes, and if from their 
common centre of gravity, lines be drawn to every 
one of the given points ; the forces which draw 
in the direction of these lines, and are proportional 
to them, will be in equilibrio. 

HuGENii, Opera varia^ tom. i. p. 288. 

It foDows from the above propositions, that a small 
power may be able to raise a very ^eat weight to 
a small height ; and also, that if a rope Is stretch^ 
ed horizontally between two points, its own weight 

, win prevent it from becoming perfectly streight, 
whatever force be einployed to stretch it. The 
curve which a flexible chain or cord forms, when 
suspended by its two extremities, and either hang-r 
ing freely, or having any degree of tension applied 
^0 it, is called the.Catenaria. 
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Sect, IIL 



OF FRICTION. 

162. Besides the resistance which the mechani- 
cal powers, and the machines compounded of 
them^ are intended to overcome, an impediment to 
their motion is always obsjerved when the moving 
parts are in contact with one another. This im- 
pediment to motion is called Friction. 

The subject of friction is treated hj Muschenbroek, 
§ 610,-633. BossuT, § 248,-283. Prony, 
Arch. Hydraulique^ Sect. v. Brewster, in his Ap- 
pendix to Ferguson^s Mechanics^ vol. ii. p. 334» 
Giiegory'^s Mechanics^ vol. ii. § 24, &c. 

153. When a heavy body is at rest on a hori- 
zontal plane, it is not in equilibrio^ or ready to 
obey the least impulse, in a direction parallel to 
t,he plane. A force must be applied to bring it 
into that state, with respect to any given direc- 
tion } and this force in the measure of the fric- 
tiop. 

154. Friction destroy?, but never generates mo- 
tion, and in this is unlike gravity, or any of the 

forces 
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forces hitherto considered, which, if they retard 
motion in one direction, always accelerate it in 
the opposite. The force of friction, therefore, vio- 
lates the law of continuity, and cannot be accu- 
rately expressed by any geometrical line, or any 
algebraic formula. 

The retardation which friction opposes to motion, is 
nearly uniform, or the same for all velocities. Cou- 
lomb, in a series of experiments made with great 
accuracy, and on a large scale, found that bodies 
sliding on a plane, on which they were moved by 
8 constant force of traction, were umformly aci^ele- 
rated, which could not have been, if the impeding 
as well as the impelling force bad not been con- 
stant. Journal de Phys. tom. xxtii. p. 204, &c. 
CouLOMB^s experiments received the pAze of the 
Academy of Sciences in 1781, and are published in 
the tenth volume of the Memotres preaenth. An 
abstract of them is given in the Journal de Phys, 
above quoted, and also in Prony^s Arch. Hyd, 
Sect. V. § 1089, &c. 

Motions retarded by friction, are therefore subject to 
the laws explained. Articles 86 and 87 ; only that 
the retarding cah never be converted into an acce- 
lerating force, so that the formulas of those articles 
cannot be applied in their full extent. 

155. The force o& friction is the greater, the 

greater the roughness or asperity of the surfaces 

moving on one another ; it is also the greater, the 

greater the power by which these surfaces are 

3 pressed 
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pressed tbgether ; but it is very little affected by 
their extent. 

That the quantity of friction does not depend on the 
extent of the surfaces that rub on one another, was 
affirmed by Amontons, and proved b]r a variety of 
experiments. Mem. Acad, de Sciences, 1699, p. 208. 
The fact, however, has been since questioned, parti- 
cularly by Lambert, Mem. de Berlin, 1772 ; but- the 
experiments of Coulomb, though they have pointed 
out certain exceptions, as those of some other wri- 
ters have done, have shewn, that it holds in gene- 
ral, and that in practical mechanics, the ratio of the 
friction to the pressure, may be regarded as con- 
stant, .whatever be the extent of the surfaces that 
touch. Journal de Phjfs. vol. xxtii. p. 296. at the 
end. 

From some very accurate experiments, Mr Vince 
concluded, that friction increases in a less ratio 
than that of the pressure. Trans. 178d, p. 172, 
BossuT has remarked the same, when the weights 
become very great, and gives as a proof, the small 
inclination of the planks on which a ship slides 
when it is launched. Mechanique, § 256. 

156. Friction may be distinguished into two 
kinds, that of Sliding, and that of Rolling bodies. 
The force of the latter is tefy small compared 
with that of the former. 

Though the friction of rolling is small in respect of 
that of sliding, great force can be given it by the 
application of pressure. In the passing of metals 

between 



Digitized by VjOOQ IC 



92 OUTLINES or NATURAL PHILOSOPHY. 

between rollers or cylinders, stronglj <;om];H*e8sed 
by springs, the friction is that of rolling, yet it is 
sufficient to communicate the motion of one of the 
cylinders to the plate of metal between them, in op- 
position to the great force which resbts the exten- 
sion of the plate. 

157* The preceding facts appear to prove, that 
friction arises from the asperities at the surfaces of 
bodies, the eminences of the one sinking into the 
cavities of the other, so that a certain force, when 
it acts parallel to the surfaces, is necessary to dis- 
engage the parts, by forcing the one body to rise 
over the other, or by bending and abrading the 
eminences which oppose the motion. 

MuscHENBROEK, § 512. £uLER, Mhn. dt Berlin^ 
1748, p. 122, COVI.OM9, Mem, PreserUeSj torn. x. 
p. 164, &e. 

The difference between the friction of rubbing and 
rolling bodies, seems to arise from this, that the 
asperities do not require to be bent down or abra- 
ded in the latter case ; the eminences being lifted 
out of the cavities. 

When the rising up of the one body over the other is 
completely prevented, the friction becomes ex- 
tremely intense, as appears in what may be ac- 
counted an extreme case, the drawing of wire, 
tubes, &c. where the extension of the metal is the 
effect of the friction acting all round. 

In 
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In bodies sliding on one another, the surfsGes maj be 
held together bj the attraction of cohesion, so that 
the friction is not always diminished in proportion 
as the polish of the surfaces is increased. Profes- 
sor Leslie is of opinion, that the phenomena of 
friction are not fully explained by these causes, and 
that they arise chiefly from a tremulous or vibrato- 
ry i^otion in the parts of bodies. Inquiry into the 
Propagation of Heat, p. 299 to 302. 

158. The distance to which a given body will 
be moved by percussion, in opposition to friction, 
is as the square of the velocity communicated to 
it. 

This follows from § 99. Dykamics ; friction being a 
force by which motion is uniformly retarded. 

Some paradoxical appearances are explained on this 
principle. When a carpenter would drive the 
handle of an ax into the head, he strikes against 
the handle after it is slightly inserted into the head, 
holding it loosely in his hand, without any firm 
support, and the head perhaps downward ; at each 
blow the handle is driven farther than if the blow 
had been given to the head itself. The reason is, 
that the handle is the lighter body, so that the ve- 
locity which a blow communicates to it is greater 
than that which the same blow would conununicate 
to the head. The friction is of consequence more 
effectually overcome. 

Thus, too, a nail is driven by a blow of no great 
force, into a piece of wood where the mere friction 

is 
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is sufficient to retain it against a great force appBed 
to draw it out. 

The same thing is exemplified in the method now 
practised, of raising a stone by an iron plug, driven 
into a circular hole cut in the stone. A few blows 
of a small hammer are sufficient to fix the plug, so 
that it will serve not only to suspend the stone, 
though of several hundred-weight, but to draw it 
out of the earth, in which it has lain perhaps half- 
buried. Such is the effect of percussion, that a few 
blows of a hammer, given obliquely to the plug, 
are sufficient to disengage it from the stone. The . 
stones on which this experiment has been made 
have always possessed great toughness and indura- 
tion. 

159. When motion begins, the intensity of fric- 
tion diminishes ; it does not, however, change af- 
terwards as the velocity changes, but continues, as 
already said, to retard with a uniform force. 

EuLER makes the friction to be reduced to one-half, 
when the body is actually put in motion. Sur It 
Frottement dts Corps Solides, Mem. Acad, de Berlin^ 
1748, p. 133, &c. § 13. The reduction appears in 
some cases to be much greater than this. Cou- 
lomb found the friction of wood sliding on wood to 
become less *when the body began to move, than it 
had been the instant before, in the ratio nearly of 
2 to 9. Its intensity afterwards did not change. 
Prony, Arch. HydraultquCy 1173, No. 2. 

160. Friction 
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160. Friction may be measured by finding the 
force necessary to bring a body resting on a hori- 
zontal plane into such a state^ that it is ready to 
move on the application of the least force (§ 153.) i 
it may also be measured by placing the body on a 
plane of variable inclination, and increasing that 
inclination till the body begin to slide. As the 
radius to the tangent of that inclination, so the 
weight of the body to its friction on the horizon- 
tal plane. 

If the weight be W, and the inclination of the plane, 
when the body begins to slide, t, the friction 
= W. X tan f. 

161. Time is often required for friction to come 
to its bearing, or to attain its maximum, and in 
this respect, different substances differ much from 
one another. 

I. CoOLOtfB fottnd, thdt in wood diding on wood, 
without grease, the friction at first increased, but 
in a minute or two came to a limit, which it did not 
afterwards exceed. Oak, for example, sliding on 
oak, though the pressure was varied from 74 lb. to 
2474^ had a friction, after a minute, always nearly 
44 in the hundred. On diminishing the surface as 
much as possible, the friction was reduced no lower 
than 41i per cent. 

n. He found also, that when metal slides on metal, 
the friction is proportional to the pressure ; in iron 

on 
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on iron, 28^ in the hundred ; in iron on brass 9$^ 
&c. ; and this was the same whether the bodies 
y^ were just beginning to move from rest, or had ac- 

quired any velocity whatever difTerent from the 
case just mentioned, of wood rubbing on wood. 

III. When heterogeneous bodies were made to slide on 
one another, as wood on metal, the friction increa- 
sed slowly with the time, and did not come to its 
maxunum in less than four or five days. Iron 
against oak, after 10'', gave the force of frictioit 
= 7^ per cent. ; at the end of four days, it amount- 
ed nearly to one-fifth. In heterogeneous substan- 
ces, too, the friction increases sensibly with t)ie ve- 
locity, and follows nearly an arithmetical, while the 
velocity follows a geometrical progression. 

IV. When the surfaces are smeared with unctuous sub-^ 
stances, the friction is diminished ; but time is ne- 
cessary for the attainment of the maximum. In a 
set of experiments, oak rubbing on oak, the surfaces 
greased with tallow, and the weights being 1650, 
and 3280 pounds ; in the first, at the end of six 
days, the friction seemed to become stationary, and 
was 37t per cent. ; in the second, the maximum ar- 
rived at the ehd of five, days, and the friction was 
47. 

Another set, with brass on iron, and fresh tallow be- 
tween it, was four days before the friction came to 
its maximum, when it was from 10 to 11 per cent. 
At the first moment it was 9 per cent., so that here 
the increase was inconsiderable. These are some of 
the principal results of Coulomb^'s experiments, the 

most 
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i&ost accurate and extensive that have been made 
on this matter ; they shew a great difference in the 
laws of friction, that obtain among different sub- 
stances. 

Consult Prony and Coulomb, ubi supra. 

162. Friction is diminished by the unctuous 
substahces mentioned above. Those that are thin- 
nest and least tenacious are the best ; plumbago 
also, oi^ Black Lead, as it is called, reduced to 
powder, and rubbed on the surfaces of wood, 
metal, stone, &c. serves greatly to diminish fric- 
tion. 

. 163. The effect of friction may be diminished, 
by drawing a bodjr in a line inclined at a cegrtairi 
angle to the pl^ne on which it rests. . Thus, if the 
weight of a body be to its friction, on a horizon- 
til plane, as ;? to 1, it will be drawn with the 
greatest ease in the direction which m^kes with 

that plane an angle, having for its tangent -. 

ft 

Dan. Bcrnovii.i.1, Nov. Com- Petr^: torn. 13. p. 344. 

164. Friction is diminished, when it is convert- 
ed, by means of wheels or rollers, from the fric- 
tion of sliding into that of rolling bodies. 

o When 
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When each end of the axis of a wheel is made U 
turn, not ui a groove, bnt on the circumfereneed of 
two wheels, every one moveable on its own axis, 
these last are called Friction Wheels, as serving ve- 
ry midi to kssen the effects of friction. 

i65. The momentum of friction is diminished 
by friction wheels, in the ratio of the radius of the 
axis of any one of the wheels (they are supposed 
equal) to the perpendicukr he^ht of the axis that 
rests upon them, above the line joining their 
centres, 

EuLSR treats of the advantage of friction wheels, 
Mem. Acad. Berlin^ 1743, p. 144. The theorem he 
has investigated is not so simple as the preceding^ 
but may be reduced to it. In the PkU. Trans. 
voL Lilt. p. 155. Mr K. Fitzgerald has described 
the constructiod of friction wheels, by which he 
reduced the power of friction from 425 lb. to two 
and three-fourths. 

Rollers put under a heavy body, diminish the friction 
in the gitetest degree possible, if tibey are spheres 
or cylinders, without any axis on which they are 
constrained to move. The convcrsbn of frietion 
from sliding to roiling is then complete. 

The wheels of carriages are contrivances of the same 
kind : but in them the conversion above referred to 
is imperfect: for though the frietion at the cir- 
cumference of the wheel is that of colling, at the 
axis, it is that of nibbing ; yet as the distance from 

the 
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the Centre of raotidn i» iaiiin, the tnommtum of 
the frietiott 19 stnall in the same proportioB; 

166. In wheel carriages, it is more advantageous 
that the wheel should turn on a fijied auris, than 
that the axis should be moreable, and turn with 
the wheel, because a rotatory motion must be gi- 
ven to the axle in the latter case, and not in the 
former. 

167. In wheel carriages, the plane on which 
they move, and the line of draught, being both . 
horizontal, the advantage for surmounting an im- 
moveable obstackt of a j^ivea ti^igbti is a$ the 
square root of the radius of the wheel. 

Let the whole weight to be moved be W, the radius 
of the wheel r ; / the force which, drawing horizon- 
tally, will raise the carriage over an immpveable 
obstacle of the height A; then 

or \/r:hJ2h::W:f. 

16^. When a machine is so loaded, that it 
would be in equUibrio if there were no friction, it 
will not be ready to move till a part be added to 
the power, havihg its mooieiitum equal to the 
momentum of the friction. 

o3 The 
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The friction must be considered as a given force^ op^ 
pos^ to the power, and having a momentum pro- 
portion^ to its distance from the centre or axis of 
motion. 

169. Let a lever turn on an axle of which the 
radius is r ; let a be the length of the arm to which 
the power P is applied, in order to raise the 
weight W ; and let/ be the addition to be made, 
in order to overcome the friction, the ratio of the 
pressure to the friction being n to 1 ; then is, 

/ = il.(P + W). 

P is understood to be expressed in weight. 

For the application of this to the other mechanicaf 
powers, see Frony, Arch. Hyd. Sect. v. Bosses, 
Mech. § 261, to 283. Van Swindbn, PosUwnes 
Phys. § Slg-'-SSS. 

170. The stiffness of ropes, or the force requi* 
site to bend them, has a great analogy to friction. 
In different ropes, the forces requisite to bend 
them, are in the direct ^atio of their diameters 
and their tensions jointly, and in the inverse ratio 
of the radii of the cylinders round which they are 
bent* 

Van Swinden, Poa, Phfs. 339; Covlomb, whose ex^ 
periments ought to have great weighty holds the 
stiffness to follow the ratio of the section of the 
rope, that is, of the squiare^ not of the simple 

power 
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power of its diameter. The decision of the ques- 
tion requires new experiments. 

171. The friction of a rope that is wound round 
a cylinder, increases in geometrical progression, 
while the number of turns increases in arithmeti- 
cal progression. 

If the turns be represented by the numbers, 0, 1, 2, 
3, 4, &c. ; the resistance made by the rope may be 
represented by the numbers 1, 2, 4, 8, 16, &c. 

Hence the great use of this kind "pf resistance to stop 
motion quickly, and to make fast one end of a rope 
when a great force or strain is to be applied to the 
other. 

172. Though friction -destroys motion, and ge- 
nerates none, it is of essential use in mechanics. 
It is the cause of stability in the structure of Aia- 
chines ; and is necessary to the exertion of the 
force of animals, 

A nail, a screw, or a bolt, could give no firmness to 
the parts of a machine, or of any other structiure, 
without friction. Animals could not walk, or ex-* 
ert their force any how, without the support which 
it affords. Nothing would have any stability but 
in the lowest possible situation, and an arch that 
could sustain the greatest load when properly di- 
stributed, might be thrown down by the weight of 
a single ounce, if not placed with mathematical ex^ 
pctness at the very point it ought to occupy. 

'^ g3 Sect, 
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Sect, IV, 



OF MECHANICAL AGENTS, 



178. A FUKDAMENTAL distinction among mcchar 
nical agents, or the powers which put bodies in 
motion, consists in this, that iii some the intensity 
of their action, or the acceleration they produce 
in a given time, is the same whether the body act- 
ed on be at rest or in motion ; in others, it is great- 
est when the body acted on is at rest^ and becomes 
less as its velocity increases. 

; Gravity is the only force that is certainly known to 
act with equal intensity on bodies in motion and 
at rest. Magnetism has probably the sam^ pro- 
perty. Every other power acts more forcibly on a 
body at ^st than on One that has alreivdy acquired 
motion in the direction in which it acts. This 
happens with respect to the elasticity of springs, 
the implulse of fluids,* and the siarength of aninials, 
the only powers, exceipt gravity, which are em- 
l^yed to put machines in motion. The know- 
ledge of the laws, aecording to which the action of 
these powers (UmiBishes, as the metion they com- 
miitii€ftte4Mre«sea, is -of great in^portance in me- 
chanics. 

174. The 
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174. The absolute elasticity of a spring is neaiw 
iy proportional to its distance from its state of qui- 
escence, or that at which its elasticity docs not act ; 
but the power of the same spring to impel a body, 
must depend not only on its absolute force', but 
also on the rate at which it overtakes that body. 

An arrow, finr exiuBple, is impelled by tbe string of 
a bow, not simply by a force proportional to the 
distance of the string from the state in which it is 
at rest (to which the absolute elasticity of the bow 
is probably proportional) but by a force that is less 
as the diflTerence between the velocity of the string 
and of the arrow diminishes. 

This sulgect^ however, has not been sufficiently exar 
mined. 

A spring is sometimes made to act with uniform force 
by lengthening the lever to which it is applied in 
the same proportion as its tension becomes less, or 
as its distance from its state of quiescence dimi- 
nishes. This is done in the case of a watch-spring. 
The velocity acquired by the body impelled, is 
here so small that it may be neglected. 

175. When a moving body, whether solid or 
fluid, acts upon another, the motion communi- 
cated is less, the less the difference of their velo- 
cities. 

Qi The 
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•* The deteimination of the law observed by this action, 
in the case of fluids, belongs to Hy/irodynamicis, 
and will be est'plained under that head. There re- 
mains, therefore, to be considered here only the law 
of animal force. 

176. The strength of men, and of all animals, 
is most powerful when directed against a Fcsist- 
ance that is at rest : when the resistance is over- 
come, and when the animal is in motion, its force 
is diminished ; lastly, with a certain velocity, the 
animal can do no work, and can only keep up the 
motion of its own body. 

A formula having the three properties just mention- 
ed, wiU afford an approximation to the law of ani- 
mal force. Let P be the weight which the animal 
exerting itself to the utmost, or at a dead pull, is 
just able to overcome ; W any other weight with 
which it is actually loaded ; and v the velocity with 
which it moves when sp loaded ; c the velocity at 
which the power of drawing or carrying a load en- 
tirely ceases ; then W = P (1 -— -.^ is an equation 
that has all the three conditions mentioned above. 

Not only, however, has th^ formula E (1 — - ?\ these 

conditions, but the square of it has the same, or, 
indeed, any function of it which vanishes wh^n 

1 — . _ vanishes, that is, when v=:c. We are left, 
c 

then. 
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then, at Kberty to choose any of these functions, 
and would assume the formula above as the sim- 
plest, if another condition did not seem necessary 
jbo be included. It is certain, that in all cases, 
when V approaches to c, or when the speed becomes 
great, a small variation in the weight is accom-^ 
panied with a great variation in the velocity. The 
simplest formula that corresponds to this condi- 
tion, is, when 1 is raised to the square. 

c 

177. Therefore, till experience has led to a more 
accurate result, we may suppose the strength of 
animals to follow the law expressed by the formu-p 



Ja„W = P(l-^y. 



This equation, supposing W and v variable, is an 
equation to a parabola, th» construction of which 
will serve to represent this law more clearly to the 
imagination. 

A formula for expressing the law of animal action, 
was first proposed by Euler, in a Dissertation on 

the Force of Oars. Mem. Acad, dt Btrliny 1747. 



3\ 

9 



That which he employed was W = P (1 — -1 

different from both those we have mentioned, but 
A function of the first, and one that becomes 0, 
when v=^c. Euler, however, changed this to 

another^ 
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another. Menu Acad, de BerliHf 1752, and Nov. 
Cam. Petrop. viu. p. 244., the same that we have 
adopted. He appears to have done so merely on ac- 
count of the analogy thus preserved between the 
Action of animals and of fluids. The physical fact 
mentioned above, is a better reason for the prefer- 
ence. 



17S. The effect of animal force, then, or the 
quantity of work done in a given time, will be 

proportional to W i;, or to P v (1 — -)*, and will 

c 4P 

be a maximum when «? = --, and Wz:---, that 

3 9 

is, when the animal moves with the one-third of 
the speed with wl)ich it is able only to move itself, 
and is loaded with four^ninths of the greatest 
load it i$ able to put in motion. 

The quantities P and c can only be determined by ex- 
perience, and as ihey mast differ for diflferent indi« 
Tiduab, an airerage estimation of tii^n is all that 
can be obtained. Even thai; average is but imper- 
fectly known ; Euler supposes, that for the work 
of men, P may be takcB = 60 lb« and ^ = 6 feet 
per second, or a little more than four miles an 
horn. 

A man, according to this estimate, when working to 
the jgreatest advantage, should carry a load of 27 lb., 

imd 
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- and waik al the rate of two feet in a second, or a 
mile and one^tliird an hour. 

A horse, according to DESAtscxiERS, drawing a weight 
out of « well, over a fnillej-, ean raise 200 lb. for 
eight hours together, at the ralte of two mDes and 
a quarter an hour. Supposing the horse, in this 
caise, to w<nk to the greatest advantage, 

P = ?2^i£ = 466, andc = 2.26x3 = 6^ miles 

per hour. 

This estimate seems to give too high a value to P. It 
will suit better with general experience to make 
P = 420,andc = 7. 

When a horse^s work is estimated by the load he 
draws in a cart or waggon, a great reduction must 
be made, in order to compare the force he exerts 
with that which is necessary for raising a weight, 
by drawing it over a pulley. Though accurate 
experiments on the friction of wheel carriages are 
wanting, we probably shall not err much in suppo--. 
sing die fiiction, on a road, and with a carriage of 
the ordinary construction, to amount to a twelfth 
part of the load. If, then, a horse draws a ton in 
a cart, which a strong horse will continue to do for 
several hours together, we must suppose his action 
the same as if he raised up the twelfth part of a 
ton, (2240 lb.), or 186 lb. perpendicularly against 
the force of gravity. To raise a weight of 186 lb. 
therefore, at the rate of two miles, or two miles 
and a half an iiour, (that b 2.9, or 3.6 feet per se- 
ll cond). 
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cond), maj be taken as the average work of a strong 
draught horse in good condition. 

A different view of the manner of estimating animal 
force, has been taken bj Coulomb, Mem de PlnH. 
Nat. torn. n. p. 380, &c. 

179. It appears to be a certain fact, that when 
a man carries only his own weight, the quantity 
of his action, that is, the height he is able to ascend 
in a given time, multiplied into his weight, is great- 
er than when he carries any additional load ; and 
Coulomb thinks it probable, that this diminu- 
tion of action, is in proportion to the additional 
load carried. Now it appeared from his experi- 
ments, that when a man carried a load equal to his 
own weight, his action was reduced nearly one- 
half; and, therefore, supposing the reduction al- 
ways proportional to the load, if w be the weight 
of the man's body, / an additional load, which he 
is made to carry, H the height to which he ascends 
in a given time, when walking freely, and h the 
height to which he ascends in the same time wath 
the load / ; then his action in the latter case, or 

(w + l)h, is reduced a?H(l — - — ); and there- 

^ 2zv' 

tt;H(l— -^) 



fQVt jilso h 



w + I 



Suppose 
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Suppose that a man is loaded with one-fourth of his 

H(._i) 



w 
owtk weight ; then h z= 



= ft T-^) = H (699)' 



The value of H is deduced from the ascent of th^ 
Peak of TenerifTe. Borda, accompanied by eight 
inen, 6n foot, ascended in the first day (7** 45"*), 
to the height of 2923 metres, or 9593 feet. This 
was at the rate of 1225 feet in an hour. Had each 
of the men carried a load equal to the fourth paH of 
his weight, they would only have ascended at the 
rate of 837 feet an hour. 

When 1 — s^ =0, or /=r2w, the height &=:0. 

2ii; 

With a load equal to twice a man'^s weight, he 
could not ascend. 



180. The strength of a man being supposed to 
follow the law now laid down, its greatest effect 
in raising a weight, will be when the weight of 
the man is to that of his load as 1 to — l+sj3, 
or nearly as 4 to 3, 

Because 
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"•"(1-2^) ., H«'^<^-8^) , 



Because A as > , lh=: 



tv 



Tl — ''*= iMT 



now I hf or the weight multiplied into the height to 
which it is raised, is the measure of the effect, 
or of the work done, which, therefore^ will be a 
maximum when the last formula is so, that is^ 
when/ = M>(— 1+V3). 

If in the equation A:s: l , we suppose 

h and / to be variable, the other quantities being 
constant, the locus of the equation is a hyperbola, 
which maj be easily constructed. 

The theorems just given only diffor from CouIiOub^s, by 
being somewhat simpler, and free from all reference 
to any particular measure of length or of wei^t. 

On this subject, however, many more experiments 
are wanting ; to determine, for instance, the fric- 
tion of wheel carriages ; the difference of the exer- 
tion required to walk on a horizontal plane, and 
on one of a given declivity ; the quantity of work 
done in a given time by the same animal, eanying 
diffuent loads. The difference between the ^ec- 
tive exertion of « man^s strength when he moves 
along with his load, and when he stands, as in turn- 
ing a wheel, or sits, as in |:^wing a boat, &c. &c. 

Sict. 
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Sect. V. 



MOTION OF MACHINES. 



181. JVXachines either work with a variable or a 
uniform velocity. If the moving power is of the 
kindy that when the motion begins^ diminishes 
in the intensity of its action, the machine, after 
a little time, will acquire a uniform velocity. 
If, however, the moving power be one that acts 
always with the same force, and if the resistance 
is also uniform, the machine will be continually 
accelerated. But as a motion continually accele- 
rated is incompatible with the purposes of machi- 
nery, it h either contrived, that, by an increased 
remtance, the motion shall become uoiform, or 
that the moving power shall at intervak cease alto- 
gether^ or beoome a cetarding foree,-^8o that the 
velocity of the inachiiie, though cdntsauaUy chan- 
ging, may be confined within certain limits. 

We shall begin with .conndtriag wake of the simpler 
machines of this latter class^ when gravity is the 
Mmng power. 

183. Let 
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182. Let A and B be two given weights, appli- 
ed to the ends of the arms of a lever, of which th^ 
lengths are a and A, and let A x « be greater than 
B X 6, so that A may preponderate ; the space ovef 
which B will be raised in one second, (g being the 
velocity which a heavy body acquires in the first 

second of its descent), is Aa^^Bh^ ^iS' 



Call * the velocity of 6, then -^ will be the velocity 

of A. If the bodies were free to fall by their own 
gravity, the velocity of each would be g ; theirelbre 

the Telocity lost by A is ^ -— -^ ; and the veloci^ 

ty gained by B is g> + « ; now the momenta of thes^ 

must be equal by § 117, that is, Aa(g — ^) 

= B 6 (g* + «) ; and hence *, or the velocity of B^ 
is found, and the half of it is the space over which 
B is raised in one second. 

Hence the time in which B wiB be raised over a 
given space A, being equal to as many seconds as h 
contains the above expression, is zs 

Aa" + B&\ 2* 
{Aa — Bb)b ^ g- 

It is evident, that if A is given, as ri^ B and A, and 
if the length of the arm a be alone supposed vari- 

able/ 
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able, the time thus computed must admit dT a mi- 
aimu^i, as it would be infinite if a were so short, 
that A (1 = B b ; an4 it woulcji also be infinite, if a 
were infinitely long. There must be a value of a, 
therefore, that will give the time of ascent the 
least, or the angular velocity of the lever the great- 
est; and it will be found by the preceding for- 
mula. ' 

183... The same things, therefore, being suppo- 
sed as in the last proposition, the angular velocity 
of the lever will be the greatest possible, when 

„ Bb b v^B* + AB 

fix-— 4- -i . 

A — A 

If the bodies A and B are equal. 

In the investigation of the proposition in § 183., the 
use of M. D^Albmbert's Principle of the Distribu- 
tion of Motion is exemplified. The problem, how- 
ever, has been resolved by other means, though 
. less satisfactory and less generally applicable. 

EvtER, de M^hinart^ usu maxime lucrmOy Com* Pe- 
trap. (1738) p, 67. Prop. 2. Also Blakp, Phil. 
Trans. 1751, p. 1., &c. 

"tVe have abstracted here from the inertia and weight 
of the lever, that the investigation might be the 
more elementary. Euler has extended his inqui- 
ry to the wheel aAd axle, and other machines im- 
|)elled by gravity. 

H 184. A 
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184. A State of uniform motion is sometime^ 
produced in machines where gravity is the mo- 
ving power, by means of a resistance, so conUi« 
tuted, as to increase with the velocity : when the 
velocity has reached a certain quantity, the re- 
tarding force becomes equal to the accelerating, 
and the velocity of the machine remains uni- 
form. 

This is exemplified in the motion of a jack ; the re- 
sistance that the fly makes, increases with its velo^ 
city, and after a certain time, prevents all farther 
acceleration. 

A more refined artifice for producing a uniform mo- 
tion in a machine impelled by gravity, is employed 
in the pendulum clock* 

In that machine, a pendulum, by forcing the end of 
a lever at each vibration, against a tooth of a 
wheel, put in motion by a weight, prevents the ac- 
celeration of that weight, and at the same time re- 
ceives an impulse just sufficient to continue its mo- 
tion. The exact adjustment of these forces, is one 
of the nicest problems in practical Mechanics. 

In a watch, where the moving power is the elasticity 
of a spring, the uniformity of the motion .is, on si- 
milar principles, produced by the vibrations of a ba- 
lance. 

185. When the momentum of the power appli- 
ed to a machine, is greater than the momentum of 

the 
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tilfc resistance, the machine is put in motion, and 
if the power he one that acts more forcihly on 
bodies at rest than in motion, its action is of course 
diminished, and the acceleration of the machine 
in the second instant is less than in the first. 
This diminution of the accelerating force conti- 
nues to increase, till the instant when that force 
becomes equal to the resistance, or till the velo- 
city generated every instant by the one, be just 
equal to the velocity destroyed every instant by 
the other. The acceleration then ceases, and the 
motion of the machine becomes uniform. 

The process by which a machine is thus brought to 
its permanent state of working, Is most rapid in the 
beginning, and becomes slower as it advances. In- 
deed, if the laws of physical action admitted of 
mathematical exactness, or rather, if our senses 
enabled us to trace their progress with perfect ac- 
curacy, it would be found that a state of * uni- 
form motion is never fully acquired by any ma- 
chine, and that it cannot be acquired in less than 
an infinite time. The curve of which the abscis- 
sse represent the time, and the ordinates the velo- 
city of the machine, can never pass into a straight 
line; but it may have, for an assymptote, a 
straight line parallel to its axis, to which it may 
soon approach so near that they can no longer be 
distinguished. 

On the motion of machines, see Euler, de MachinU 

ingenerey Nov. C<ym. Petrop. torn. iii. (1750, 1751), 

H 2 "^ P- 264., 
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p. 254., &c. Also Prtncipia Tbeorut Machinarum^ 
by the same Author, Nov. Com* Petrop^ torn. viiK 
(1760, 1761), p. 830., &c. 

186. When a machine attains its state of uni* 
form motion, the momentum of the power is equal 
to that of the resistance, and is the same that 
would be in equilibrio with the resistance, if there 
were no motion at all. 

If it is by a stream of water that the machine is dri- 
ven, the stream is, by the supposition, at first 
much more than fible to overcome the resistance,: 
and the machine accelerates till the relative veloci* 
ty of the water and the wheel is so small, that the 
force of the water is no greater than is suflScient 
to balance the resistance. The case is nearly the 
same whatever be the moving power, provided its 
action diminish with the velocity it communi* 
cates. 

187. In all machines, the work done is to be 
estimated not merely from the quantity of resist- 

- ance overcome, but from the quantity overcome 
in a given time, or, which is the same, from the 
quantity of the resistance multiplied into the ve- 
locity communicated. 

The resistance is supposed here to be exjMressed by 
weight, and the effect by that weight multiplied 
into the velocity with which it is raised. 
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As this is also the exj^retsion for the momentum of 
the resistance, and as that momentum is equal, 
when the motion is uniform, to the momentum of 
tfie power, this last, or the product of the moving 
force into its velocity, is also the measure of the 
effect* 

188. In all machines that work with a uniform 
motion, there is a certain velocity, and a certain 
load, that yield the greatest effect^ and which are 
therefore mote advantageous than any other... 

tf the machine is Idaded heavily, though the resist- 
ance overcome may be great, it may be overcome 
so slowly, that the total effect shall be but small. 
And, again, if the machine is loaded very lightly, 
it will give great velocity to the load, thou^, 
from the snaallness of its quantity, the effect will 
tttill be inconsiderable. Between these two loads 
there must be some intermediate one, that will 
make the effect the greatest possible. 

If the- moving power observe the same law that 
has been already ascribed to animal force, viz. 

W = P (1 — -)* , (which will be afterwards 

shewn to be the law that regulates the force, 
of fluids in motion), the effect will be expressed 

by Wr, or by Pt> (1 ) ,. which is a maxi- 

■ 3 mum 
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4P :. t^ C mr. 



mum when W =: -5-, and when » =z 5. The 

4 
resutance should be ^ <^ that which the power, 

' when fully exerted, is just able to balancj^^ or of 
the resistance that is sufficient to reduce the ma- 
chine to rest ; and the velocity of the part of the 
machine to which the power is applied, should be 
one-third of the greatest velocity of the power. 

189. If* therefore, the moving power in any 
machine follow the law expressed by the equation 



W=P(1 ) J and if the load or resistance 



that is just able to keep the machine at rest, or to 
prevent its motion altogether, be found by expe* 

riment ; then if the load be reduced to 5 of this 

9 

quantity, the effect of the machine will be the 
greatest possible. 

190, The moving power and the resistance be- 
ing both given, other things remaining as above, 
if a machine be so constructed that the velocity of 
the point to which the power is applied, be to the 
velocity of the point to which the resistance is ap- 
plied as 9 R to 4 P, the machine will work to the 
^greatest possible advantage. 

The 
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The velocities of the points just mentioned are capa« 
ble of being adjusted to any given ratio, on princi- 
ples that have already been explained. 

Under the name of the Load, we suppose the fric-. 
tion of the parts of the machine to be comprehend- 
ed, which, must therefore be determined by experi- 
ment. 

191. Care should be taken to give to every ma- 
chine the greatest possible regularity in its mo- 
tion. 

The contrivance known by the name of a Fly, is one 
-of the best adapted for this purpose. When the 
impelling power is subject to alternate intention 
and remission, the inertia of a heavy wheel, by 
preserving the velocity it has acquired, tends to les- 
sen the irregularity resulting from these causes. 

The effect of a fly, to remove irregularity in the 
motion of a machine, its weight and diameter be- 
ing given, is proportional to its velocity. 

192. In wheel carriages, the equability of the 
motion is even of greater importance than in hy- 
draulic engines ; the sudden checks to motion ha- 
ving a more pernicious eflfect on an animate, than 
it can have on an inanimate body. 

^The improvement of roads, and the diminution of 
friction, is, in such cases, of great importance ; but 
that which corresponds most to the advantage de- 
rived from the use of a fly, is the supporting of the 
H 4 weight 
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weight by springs, or even giving elasticity to th^ 
parts by which the cattle are yoked to the carriage. 
The sudden action of the resistance, and the jerks 
which are the consequences of it, are thus taken 
away. The greater the velocity the carriage 
moves with, the more advantage is derived from 
this application of elastic fofce. 



Sect. VI. 



OF THE DESCENT OF HEAVY BODIES ON PLANE 
AND CURVED SURFACES. 



193. The force which accelerates the motion of 
a heavy body on an inclined plane, is to the force 
of gravity, as the sine of the inclination of the 
plane to the radius, or as the height of the plane 
to its length. 

If /=: force accelerating the body on an inclined 
plane, of which the inclination is t, and if ^=r 
force of gravity, /=g- sin i. Hence the motion of 
a body on an inclined plane, is a motion uniform- 
ly accelerated. 

S^Gravesande, § 382. ; Muschenbroek, § 608. : 
Galileo, Dial. III. Opere, torn. m. p. 106, &c. 

194. If 
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194^ If two bodies begin to descend from rest^ 
and from the same point, the one on an inclined 
plane, and the other falling freely to the ground, 
their velocities at all equal heights above the sur- 
face will be equal. 

Hence the velocity acquired by a body in faUln? 
from rest through a given height, is the same, whe^ 
ther it fall freely, or descend on a plane any hgyf 
inclined. 

igS^ The space through which a body will de- 
scend on an inclined plane, is to the space through 
which it would fall freely in the same time, as 
the sine of the inclination of the plane to the rar 
dius. 

The diameter of a circle perpendicular to the hori- 
zon, and any chord terminating at either extremi- 
ty of that diameter, are fallen through in the same 
time. 

The velocities which bodies acquire by descending 
along chords of the same circle, are as the lengtlui 
of those chords. 

196. If a body descend over a series of inclined 
planes, at each of the angular points, where it 
passes from one plane to another, it loses a part of 
the velocity it had acquired, proportional to the 
versed sine of the inclination of the planes. 

If 
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If V be the Telocity it has acquired when it comei 
to any angle f^vx vers, f is the velocity lost. 



197. Any ^ngle being given, it may be divided 
into angles, so small» that the sum of the versed 
sines of these angles shall be less than any given 
magnitude. 

. Hence the number of planes may be so increased, 
and their inclination to one another so diminished, 
that though the change of direction between the 
first and the last be ever so great, the loss of velo- 
city in the descending body shall be less than any 
given quantity. 

Hence, if the body descend in a curve, it suffers no 
loss of velocity. 

D^Alembert, Traits de Dynamtque, § 4L 

This is true of the motion of a pendulum, that is, of 
a body hanging by a thread, and swinging back-^ 
wards and forwards about a fixed point. 

198. In a pendulum vibrating in a circle, the 
force which accelerates it when it approaches the 
lowest point, is nearly proportional to its distance 
from that point. 

Hence the small vibrations of the same pendulum are 
nearly isocronous. 

1Q9. If 
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199. If a pendulum vibrate in a circle, and if ^ 
be the velocity acquired by a heavy body de- 
scending freely, in one second, the square root of 
g is to the square root of the length of the pendu- 
lum, as the number whiqh expresses the ratio of 
the circumference of a circle to its diameter, is to 
the time of the least vibration of the pendulum, 
expressed in seconds. 

Let I be the length of a pendulum, tc the number that 
deletes the circumference of a circle, of which the 
diameter is 1, and t = the time of one vibration of 
the pendulum in seconds. 



=-vi. 



8 

As the weight of the body does not enter, into the ex- 
pression of the time, the vibrations of a pendulum 
are the same whatever be its weight. * 

'Hence the times of the vibrations of pendulums are 
as the square roots of their lengths. 

If ^=1, fzn length of the second^s pendulum, and 
IzzTtJ-- ; therefore g- = at* x Py or /'= S-. 

If it be required, having /', to find g^ g=:^^xL 

By help of this last formula, g is found more exactly 
than can be done by direct experiment. In the la- 
titude of London, the length of the seconds pen-«. 
dulum = 39.126 mches. Hence g ^ 33.18 feet. 

The 
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l*he values both of g and /' are somewhat diffef^t 
in different latitudes. The nature of this variation 
will be explained in Ph/sical Astronomy. 



Centre of Oscillation. 

200. When a pendulum consists of two or more 
bodies, or of one body, from the figure and extent 
of which we are not permitted to abstraciv it i^ 
Galled a Compound Pendulum j and its centre of 
oscillation is a point in it, at such a distance from 
the centre of suspension, that a simple pendulum 
of a length equal to that distance, will have the 
same angular velocity with the compound pendu- 
lum itself< 

201. The distance of the centre of oscillation of 
i compound pendulum, from its centre of suspen- 
sion, is equal to the sum of the products of each 
body into the square of its distance from the centre 
cf suspension, divided by the sum of the products 
of each body into the simple power of its distance 
from that centre. 

If the bodies be A, B, C, D, &c. and their distancai 
from the centre of suspension a, ft, e, d^ &c. and x 
the distance of tfa^ centre of oscillation firom the 
iiame point, then 

A a' + Bb^ + Cc'+ Jyd^ 
"* "* ~Aa+'B6 + Cc + Dd * 

Thii 
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This YAxt of X U Reduced from D'AtEM bbr?*b fifyh 
ciple, § 117. 

X is abo the length of the simple pendylum isgn^iO* 
nous with the compound* 

Jf any of the bodies are above the point of suspen* 
idon, their distances from that point are appomnfted 

uegativCr 

302. If ^ cylinder, of which the altitude is a« 
and the radius r, be suspended from its vertex, the 
distance of the centre of psciUation from the ycjTs- 

3 ^ 2 a 

If the radius r = 0> so that the cylinder coindde^ 
with a straight rod of inconsiderable thickness^ 

2a 
the dl4imi:e of the Cjentore of oscHlatioDi Is -^ , 

203. In a cone suspended from the vertex of 
which the altitude is e^ and the radius of the base 
r, the distance of the centre of oscillation from th^ 

Tcrtest 18 ~. + -r-. 
5 5a 



204* If a sphere, of which the radius is ;;, b<5 
«uspei>ded from any point on its surface, the dis^ 



Digitized by VjOOQ IC 



126 OUTLINES OF NATURAL PHILOSOPHr. 

tance of the centre of oscillation from that point 

IS 1— • 
5 

WoLFii Elementa Math. torn. ii. § 459, 460. 

205. If in an axis which divides a figure into 
equal and similar paiTts, different points be taken, 
by which the figure is suspended, the distances of 
the centres of oscillation from the centre of gravi- 
ty of the figure, will be reciprocally as the dis- 
tances of the points of suspension from the same. 

This proposition holds of solids as weU as of plane 
figures. 

206. The centres of suspension and oscillation are 
convertible, that is, if the centre of oscillation in 
any body or system of bodies be made the point of 
suspension, the former point of suspension will be* 
come the centre of oscillation. 

The first author who treated of the pendulum and the ' 
centre of oscillation, was Hutgens, in his Horoh- 
gium Oacillatorium, Opera Variay torn. i. p. 51^ 
&e. See also S'^Gravesandb, § 404, and 424« 
McscHENBROEK, § 640. BossuT, Mcchantque^ 
% 401, 405. 



Heavy 
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Hetvoy Bodies descending on a Cychidal Surface. 

207. If a circle DHO (fig. 11.) roll along a 
line AB, until the point V in its circumference, 
which touched the line AB in A, come to touch it 
again in B, the curve AVB, generated by the 
point V, is called a Cycloid. 

The line AB is called the Base ; DV, which bisects 
AB at right angles, the Axis of the Cycloid ; and 
the circle DHO, the Generating Circle. 

If AC and BC be two semicycloids, or semicycloidal 
cheeks, each equal to the half of AVB, touching 
AB in A and B, and touching one another in C ;. 
and if there be fixed at C a pendulum D, hanging 
by a thread PTC, equal in length to the semi- 
cycloid, P in its vibrations will describe the cycloid 
AVB. 

208. A pendulum being thus made to vibrate in 
a cycloid, is at every moment of its descent acce- 
lerated by a force proportional to the arch of the 
cycloid, between it and the lowest point. 

Hence the vibrations of this pendulum, whether g^eat 
or small, are 9II of the same duration. 

209. If 
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209. If / be the length of a pendulum vibrating 
in a cycloid, the time of a vibration, whether great 

6r small, will be vJ- . 

210. The line in which a heavy body descends 
Jn the least time from one giveii point to another, 
not in the same horizontal plane, nor in the same 
Vertical line with it, is an arch of a cycloid, ha* 
ving for ita base a horizontal line drawn through 
Ihe uppermost of the given points. 

Hence the cycloid is called the lint of swiftest «fe- 
sctnt. 

The problem of finding the line of swiftest descent was 
first proposed by John Bernouilli, Acta Erudito^ 
runiy 1697. Though the solution of it requires the 
assistance of the higher geometry, more elementary 
demonstrations have been given by several authors^ 
particularly by Maclaurin, Fluxions^ vol. n. § 674, 
&c. ; and by Frisius, Cosmographia^ Introd. § 22^ 
ted 23, 



Sect. 
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Sect. VIL 



ROTATION OF B0t)I£5. 



Rotation about a Fixed Axis. 

211. Let a, B, C, D, 8tc. (fig. 12.) be a system 
of bodies in one plane, so connected as to be im- 
moveable in respect of one another, but moveable 
about an axis at right angles to the plane, and 
passing through a given point S ; let «, A, c, rf, be 
their distances respectively fJrom S ; and let a force 
act on one of the bodies A, such that if A were 
unconnected with the system, it would receive the 
velocity u^ in a direction at right angles to the ra- 
dius a ; let V be the velocity which it actually ac- 
quires when it makes a part of the system ; 

That is, if each body be multiplied into the square 
of its distance from the axis of rotation, the sum 
of all these products, is to the product of A, into 
the square of its distance from the same axis, as 
the velocity which A would have had if it had 

I been 
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-been free to move by itself, to the velocity which 
it has as a part of the system. 

This is proved, by 'OOiuidmi^ that A (« — 9) is ih€ 

motion lost by A, and li!, Eff , ^1, the 

a a a 

motions gained by B, C, and D ; and tliat these 
last must, by D^Albmbbrt^s principle (§ 117.), be 
tit equilibrio with the former ; whence the equation 

Aa(tt — t>) = (B 6* + Cc*+Da^*, from which 

/ a 

ihe valneof v is vobtaine4« 

Brom the ftMnoiisto»tiwi, k is evjLdaiit, thtA ^ «v 
omentum of 4bke system. relatively 4o J^ jsibun^ Jiy 
jsiultipj^ing ^ach body into the square of its 4]^ 
tance from S,^nd the sum into the velocity at A. 

'Q!3ie ^angular ;pelecity is found by ^di^dii^ *bDth ^ided 
Jjyw; thds gives 

l*he quantity ** is Ae value lof fhc angle «desci!%ed 

tound S in one second, expressed in parts of the nu 
dius. Jfitis -required iin degre^ts and -minutes, the 
above v^ue musfbe mifltipBed by 67°.29578, the 
iDiutiher -itfd^gi^eios 'in ran mcdii equal «tp ^e rad^ 

These )»<>pesitionB ^hilld'-BOt only K>f ^ system of lio* 
Am in ione pkne, bvA Qt Jt isystem an diflEemit 
:pl«tea, if 'vre rmxppon^ pevpcmdieiilaKs 'dRtrm from 
them 40 {the .aians i0£ jro(ati/sn. 

SIS- If 
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- MS^. 1£ f», />4^» be ;tbe jaogles whx^h <be lEa^ii 
drawn from S to S, ,€, B, .(£g. liS.) Q:iake e^4th 
the radius .drawn i±ki^u^ A, aiid.if:ia.4ihis!}a$^r 
radius a point F be taken, distant from S by ,tl)e 
quantity 

* A fl + B 6,cos (p +.C c cosy t}* D £f cos f"* 

the point P is suqh, .thatjlf^p.cibstacle were ap* 
plied there sufficient ^ -^^ |the rQtati<)n of the 
system, no motion would be communicated to the 
a^isat S ; or, which sis ^Ihe same, 4bough<&e>axis 
at S were not fixed, the system would have «) ten- 
dency to revolve about the point ?• 

^hifl proposition ^is isvestigat^d "-by , eamadng P^ 
drawing PO parallel to *BS, and 'BO p»p«idica- 
lar to it. The momentum of B relatively 4a P is 
the same as if it were placed at O, and is therefore 

B X — (ft,-r-A?.c6s®)i Tljie sum of the momenta 
compuied'in this»wa7 is equalto^O, and thence the 

^13. Any system of bo4ies beiq^ given, appoint 

inay be found in which if all the: bodies were 

tollected, a force applied at any distance from 

1 2 the 
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[ 

the axis, would communicate to the bodies thus 
collected the same angular velocity that it would 
have communicated to the system in its first con- 
dition. 

The point thus found is cafied the Cenire ofGyra^ 
tion. 

Its distance from the axis of rotation is 

./Aa^+Bft^ + Cc^ + Dd^ 
^ A + B + C + D "• 

Atwood on Rectilinear and Ratat<ny Mutton, p. 211^ 
, 212. 

As every body may be considered as a system of phy- 
sical points, it is evident that the preceding propo- 
sitions are of general aj^lication. We ^sball give 
examples in the cases of the cyUnder and the 
sphere. 

214. Let ADB£ (fig. 14.) be a cylinder move- 
able about an axis passing through C its centre ; let 
the radius of the cylinder be given = r, and also 
its weight = W ; and let another given weight F 
hang by a cord BF, wound round the cylinder. 
Required, the force accelerating the point B, and 
the velocity which it will acquire in the first se- 
cond of its motion. 



The 



Digitized by VjOOQ IC 



MECHANICS. 133 

The sum made by multipljing each particle of the 
cylinder, into the square of its distance from the 
axis, supposing the thickness of the cylinder, in the 
direction of that axis, to be m, is found by fluxions, 

or the quadrature of curves, to be ^ ^rm r^, and 
therefore (by § 211.) the velocity acquired in the 
first second by the drcumference of the cylinder is 

sr m r* = the solidity of the cylinder), ~ 

2F-iw ^ ^^^S ^® velocity acquired by a 

heavy body in the first second of its descent. 

As 2F + W to 2F, so the force of gravity to the 
force accelerating the cylinder at its surface. 

215. The quantity Aa^+Bb\ &c. in § 211., 
which is the sum of all the products made by mul- 
tiplying each particle into the square of its distance 
from the axis of motion, is called the momentum 
of the inertia of the revolving body. It is compu- 
ted for any given body, either by the method of 
fluxiofis, or the quadrature of curves. 

21 e. Let the circle ADB (fig. J4.) represent 
a sphere moveable about an axis that passes 
through the centre C, and is perpendicular to the 
plane of the circle ADB ; and let it be put in mo- 

1 3 tion 
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tioh- }r^ flMf ^(ftgtit F KAtegpny from' ».♦ TBfe ra- 
ditfi of ffie* ^e¥6 j^; ff#t{^«^ W, atf* t*to^of the 
tbay i* teiri^ giVefr, rf is' rcquh'tftf *r «nlf flic vc 
iochy wliict the poinf B* acqiitife$' itf 6tt6' Second, 
or Che force By wfileir it H SccbKMid. 

Tte momentum of inertia computed for the sphere, 

is ^ V ^^> flnd" therefore the accderating force at 

B is I ^^V . =r -^1^ . > A82xr» 

is the soliditj o^ the sphere, i/ W be; Mbstituted 



for it, <h6 abbvfe mt^sSoii tecbtftef - ^/ — 

*heri6foW F + ^ ^ » trf #,' « Ih^fbtee of gra- 

vity to the accelerating force at B, the equator of 
ihe sphere, 

217. if the motion, instcfaddf b6iogpwcUced 
. hy a body hanging from t"he sphere, AiiA p^ttiidiig 
bi its Velocity, Were coriraiuriieated by the imfhilse 
6£ F, moving With a given tttobily ^, In thd di- 
rection of the tangent at B^ ilnd sti?iktt|( agadriit 
the radius produced, the velocity communicated 

l5F,c 



would be 



2 W 



The solution of the two last problems might be deri- 
ved from the suppositiim, that the whole mass waa 

collected 
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idhrcteA m Am.ceakr^ of gjprftioiw Tlie* qsestion 
wwU then lie nAiml to U^vsuo^st case of 
§ 211. wher^ tiie sjstetn consists, ^oilj of two bo- 
dies. The preceding solution is, however, more 
direct. 

218. If in the two preceding cases, W and F be 
both supposed to be sustained by the »zis when 
the whole i& at rest ^ the part of the weight of f 
of which the axis is relieved when, the motion be* 
gins^ is to the whole weight of F, as the force by 
which it is accelerated to the force of gravity* 

Th«s, h^ the inttdnee of tb« sphere, the pnutttt an 

Hig aaii IB ihnidshed hjr the quantii^ • 



P-f^W 



X F, 



15 



IfW = 300lb., F=1015.5— -^ = 1,80 that 

Ifae dhnuraiim of pmrare is 2 Ik^ and tliefefore 
the wkohi ffmmte^ when tks metbn takes place, 
is 308 lb. 

If It w^re required to find dktMj the {>arf of F 
j^essittg on tfa« axis, it will tome oul 

W 
= Z: — ^ir:i ^ F, which, in the last example, 

i«yyald fiOAMiit to 8 U^. 

Atwood on Rectilinear and Rotatory Motion^ § 6. 

p. 183., &c. Frisii Mechanicay Opera, torn. ii. 

I 4 p. 133., 
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p. 133., ^c. ViircB on the Priiuiples of Progress 
$ivt and Rotaiwy MaUan. PkO. Tram, Vt^Oy 
p. 546.9 &c« 



Jlotation m a Moveabk Ajpia. 

219. When the impulse communicated to a bo- 
dy is in a line passing through its centre of gravi- 
ty, all the points of the body move forward witht 
the same velocity, and in lines parallel to the di- 
rection of the impulse communicated. But when 
the direction of the impulse communicated does 
not pass through the centre of gravity, the body 
acquires a rotation on an axis, and also a progres* 
sive motion, by which its centre of gravity is car- 
ried forward in the same straight line, and with 
the same velocity, as if the direction of the impulse 
had passed through the centre of gravity. 

The progressive and rotatory motion are independ- 
ent of one another, each being the same as if the 
other had no existence. 

This is a consequence of the g^ieral law. That the 
quantity of motion estimated in a given direction 
is not affected by the action of the bodies on one 
another. The revolution of a body ofi its axis 
arises from an action of this kind, and can neither 

. increase nor diminbh the prqgr^ssiv^ motipo of the 
whole mass, 

Tho 
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Tbe progressive motion, if the moving force and the 
body moved are given, is determined bjr the prin<< 
ciples of Dynamics; and the rotatory motion i$ 
computed, as if it were about a fixed axis, by the 
propositions just laid down. 

When one impulse only is communicated to the bo- 
dy, the axis on which it begins to revolve is a line 
drawn through its centre of gravity, and perpendi« 
cular to the plane that passes through that centre, 
and the direction of the impulse. 

(See Frisius de Rotatione circum Axem Motum, theor. v. 
Opera, tom, ii. p. 157. 

220. When a body revolves on an axis, and a 
force is inapressed,. tending to make it revolve on 
another, it vi^ill revolve on neither, l^ut on. a lino 
in the same plane with them, dividing the angle 
which they contain, so that the sines of the parts 
are in the inverse ratio of the angular velocities 
with which the body would have revolved al?out 
the said axes, separately. 

This proposition was discovered by Frisi, and is de- 
nionstrated in his works, ubt supra^ p. 134. See 
fdso the Cosmographia of the same author, vol, u. 
p. 24. 

221 . If a force be impressed on any body, by 
which it is made to revolve on an axis, the quan- 
tity of its momentum, estimated by collecting in- 
to one sum all the products of the particles into 

their 
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tiftit vekcttiea^ attd Aidfr dbtsweM £io» the «xis 
cf inotton»> it^ eyiail to Ae H Eioincu t um erf tlK force 
iffii^SiMfd, ^MiiMte^ itt fh^ Mosm iMnoerr 

Etence, though^ in consequeace of the rotation o( a 
body on its axis^ a change may take place in its 
ifgar€, 6t ia iU iittefnal fStrvKttttiff the total qtianti- 
tf of its motxteiitum tritl cdnrt&tie Ore i&txfe. 

222. A body may be^iv t^rere^Tc^ott «nry line as 
an axis, that passes through its centre of gravity^ 
but it will not continue to revolve permanently 
about that axis, unless the opposite centrifugal 
forces exactly balance one another. 

A hotndgeneous sphere may reviblre permflnently oil 
afty diametef , becauiie tber opposite piUis of th^ sdw 
lid, being in every ^^ction equal Und sifiiifar^ Ae 
i^posite ciemtrifugal totces must be equal; to tbit 
no force tends to change the position of the axesb 

A homogeneous cylinder may rerolve pennarientty 
about the line which is Hs geometric tah. tt may 
also revolve permanently about any line that bi*. 
seets that axis at right angles ; but it can revolve 
permanently about no other line, as the centrifugal 
forces cannot be equal. The same is true with rem 
spect to all solids of revolution. 

2S3. In every body, however irregular, there 
are three axes of ^permanent rotation, at right 

aiigks 
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angles to one another, on any one of which, when 
the body revolves, the opposite centrifugal forces 
exactly balance one another. These are called the 
Principal Axes of Rotation. 

This singular theorem was first proposed by Seoner 
in 1755, kni first deih6n^i*ated by Albert Euler, 
in 8 Memoire crowned at Paris in 1760. Leon. 
EuLBR has also given a demonstration of it in his 
treatise de Motu Corporum rigidoruMy prob. 27. 
See also Frisius, dc Rotatione Corporum quorum^ 
cunquCf iheo^enia vii. uii supra, p. 104. 

T^ese thr^e eeies hetVe dko this ]^6m«arl26Me pt^Sfpefftj, 
' that the tetcfiaeahtok of inertiv #itii respect to any 
6f theni, is either a mliximiim^ a minimiiBi^ that 
is, is either greater or less than if the body revol- 
ved about any other axis. Leon. Euler^ ubi su^ 
pra. ^he momentum of inertia has ahready been 
defined, to be the produiit of ev^ particle into ide 
ri^u^rif ef itt &tdne<$ fr«nb \kt Min 4f iotmioU. 



Sect. 
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APPENDIX. 



CONSTRUCTION OF ARCHES. 



224. Tf ABCD, DCEF, EFGH, &c. (Fig. 15.) 
be a series of truncated wedges, resting on two 
immoveable supports, and having the planes of the 
faces that press against one another perpendicular 
to a Vertical plane, represented here by the pjane 
of the paper, they will be in equUibrio, if their 
weights be proportional to the differences of the 
tangents of the angles which these planes make 
with a vertical plane given in jposition. 

Thus if the weights be as the differences of the tan- 
gents which AB, DC, EF) &c. make with the ver- 
tical MN, the whole will remain in equUibrio, This 
follows from the properties of the wedge already 
enumerated. Prony, Architecture^ HydrauL torn. i. 
§366. 

Truncated wedges disposed in this manner, form what 
are called Arches in architecture, and the most ad- 
vantageous construction of them requires, that the 
parts should be so adjusted as to be in equilibrio^ or 
to balance one another by their weight only. An 
arch, of which the parts balance one another in 
this manner, is called an Arch of Equilibration. 

Some 
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Some other definitions are necessary for under^ 
standing- the construction of these arches. The 
truncated wedges of which the arch is composed, 
and which are usuallj of stone, are called the Vous- 
toirs; each course of these wedges forming one vous« 
soir^ The central FOtissdir is called the Keystone. 
The surfaces which separate the voussoirs from one 
anotha*, are called the Joints. The interior curve 
of the arch is called the Intradas ; the exterior, or 
that which limits all the youssoirs^ when they are 
in equilibrium, is called the Extrados* TJie Abut- 
ments, are the masses oi masonry, at eadi end, 
that support the arch. The beginning of the 
arch is called the Spring of the arch ; the middle, 
the Crown ; the parts between the spring and the 
crown, the Haunches. 1 he part of the abutment 
from which the arch springs, is termed the Im- 
post. 

The theorem above is sufficient for the construction 
of arches, inasmuch as, when the curve of the 
intrados is given, it determined the weight of every 
individual voussoir. The application of it, in par^ 
ticular cases, admits, however^ of being greatly 
simplified. This happens remarkably when the 
arch is a circle, and when the joints, (which are 
usually made perpendicular to the curve of the in* 
trados), intersect in the same point. 

225. In a circular arch, the weights of the vous- 
soirs should be as the differences of the tangents 
of the arches, reckoned from the crown*' 

Thi» 
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tbm^ 0wlM W » ip w Umtor wie. jbi fig- 16* 
^ tie .^ mwni .^laittiiHDdAr •moh* 4hP Oinreight 
of Abe AOUMijr dUKfi^f AbQuld ibetl9>hiitrf>f the 
MttflffW ACNf^)3>«i»^ltMig!H|t ^ »ii mm the 
lUog^nt pf JPK, W th^T^g^ntiof ^ iitniK i^e tan- 
^iit,dr JKbf ; ^ ji; ^]KWjft^?iep,pq^ %f)H be 
»dfffiwi ip«(p«ndi«ntort^ J^Q,.A94 jf ,t}us j^yflj^ EL, 
i|iG.:b^;pco4ufi9d» tto («itt :^ tin 31^, jF, ^^ ,^, the 
•^mgbta <of itbex<Hlfli0irsi«iWt rb^ i|8 f^beii^gments 
J>E» EF,^SG/]D:<»deritojiiiK>4ttoeianieQiiiMbriiiii^ 

^ the .stones themsdves cannot always be inade in 
.the proportion thus required, the wedges, of which 
they make parts, are^suj^osed to be extended up- 
ward by courses of masoniy. The whole mass in<» 
du4ed "between the planes of the joints produced, 
as far as that masonry extends, is understood to 
make up the weight of the voussoir. 'iEt <is the 
dwaiMssKtf the tbtoiytto «f4pnI«l^ ti4»twagl^tt;.and 

MQ. in »an arch, ^of iwju<^ «tbe tintiados is a 
eircle-^iTen in position, ^^depth of 4heikpy-<tone 
being given, it is required to dcsctibethe curve of 
the extrados. 

let AGE (% 17.) b^ one-half of the arch, C th^ 
centre, AB the height or depth of the kjey^Ji^pe; 
jfrom the centre E, Jqtcrsect CA, wi^b a distance 
-equal to CK, in D; and through D, draw pH 
perpendicular to AC ; and through G, any point in 
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iroduce Cd, M GK be^e^ind to 13; J( is a ^n^ 
idJlie »te^Q8^ md in the ji^me wdaj^a/iimu* 
me]:al3e other points be A>wd. 

X^be Ijne CK v ^uliv^^jis ||«ea(er 4}iM CF^ Imt «pb* 
jiroaphe^ to it .aa the jacch AjQ^ inccea^es^ M tba^ 
BJS. ifi^^i««jjra}ptate,tOfth^ ea^tiradps. 

jBie vfiQUfdnn ilo ttfie ^Ibfidofi «s oaiHj 4eAijM^ ifrmi 
this construction. Draw ED jieqiendimilar to CE. 
Let CO = «, OK =y, CA =^ Ot XID.^jl J, .%^qEW^ 
tion to the curve is 

The extrados, in the ease of a circular ardi, 10, there* 
irQi^,i#*mn^<0f 4he Aiprlfr «r4ai^^Qi7rm9Qli/nsem« 
jjblil]^ stfc^ GwchAld fOf jNicoMKDVi. 4^ i«is an as- 
rs;my^kfvir.^MI»i«ii44^1iioia$^^ 
«01&l^^t t»9Mmim «rff7#w»l^ vdlb jth^iwrre ia 
wMch a road is uiuallj carried over a bridge. 

)IoBtead*Df i?5 at una7>be eonveoieiit'toiiaTe it8«alne 
jin ^niis iflf )4^ ^nd the i4»pt)i ^aT keor^t^ne 4^ 

AS ^Sm holds, whattver ^podfioin idf :a eQtoidtde'&ts 
;«f3hifae«siqBp(Bfid 'to cMsirttiC 

2 227. IiJ^ 
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S27. In an elliptic arch, or one of which the in- 
trados is a semi-ellipsis, if S a he the spatt of the 
arch, or^the longer axis of the ellipsis, and b the 
height of the arch, or the semi-conjugate axis of 
the ellipsis ; then, if from any ploint in the curve, 
a perpendicular x be let fell on the longer 
axis; the weight of the key-stone is to the weight 
of the voussoir which has its middle at the point 
from which the perpendicular is let fall, as a^ 



to 






Hence, if W is the wright of tiie ke^-stone, and V 
that of the voussoir^ 



x^kja^ + 



J^=^ 



a 



I— »• 



This is the same with the theorem givoi by Bossut 
{RtckkrelitB ncr TEquaHre des V^uies, § 14.), 
though the expression is somewhat changed^ with s 
view to facilitate the numerical caleulalioii* 



228. If the weights of the voustoirs are all equal, 
the afch of equilibration is a catenarian curve, the 
same that a chain or cord of uniform thickness 
would assume if hanging freely, the horizontal 
distance of the points of suspension, beings equal 
to the spa"ti of the arch, and the depth of the low- 
3 " est 
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est point of the ehain being equal to the greatest 
height of the ardh* 

It can be easilj shewn^ that if the figure of the ehain 
were reversed, the joints being such, that the 
force which was a pull in the first situation becomes 
a thrust in the second, the chain would support it- 
self, and remain in equtlibrio, 

trhe equation to the catenaria, if x be the abscissa, 
taken from the vertex along the axis or vertical 
line, and y the corresponding ordinate, is 



j^=:Axhyp>lpg, \ * 

I'he constant quantity A may be determined by ex- 
periment ; for, the ehain being suspended, let a tan- 
gent be drawn to any point of the curve, and pro-» 
duced till it meet the axis; then, as the subtan- 
gent to the ordinate, so the length of the chain, be- 
. tween the given point and the vertex, to the quan- 
tity A. When A is founds the curve can be con« 
8tructed« 

For the properties of the catenaria, see J. Ber* 
NouiLLi, Lectionts Calc. Integ. Lect 36. Operum. 
torn. Hi. p. 491. ^ David Gregory, Phil. Trans. 
1697. CoTESy Harmbnia Memutatumy p. 108., and 
Notes, p. 115. 

The catenaria is remarkable for this mechanical pro- 
pertyj That a chain hanging in that curve, has its 
centre of gravity lower than if it were disposed in 
any other line, its length continuing the same, 

/ and ajsp;the points from which it is su^ended. 
K An 
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An arcii, therefore^ ia>natnicted io this £mn^ hff 
' its centre of gravitj the bighjeist ppsf ijde. 

_^ * 

229. The presspre pf an arph on the piers or 

abutments which support it, may be estimated by 
oonsidering the parts of the arch which rest im- 
mediately on the abutments to ^ certain height, 
as parts of the abutments themselves ; and the re- 
mainder of the arch as a wedge, tending to se- 
parate the abutments from one anpthc^r. 

Thus (fig. 13.), the parts ALMS, BONT, which 
would remain in their places, fliough there were no 
pressure from above, may be regarded as parts of 
the piers ; and LMDN0, tte remainder ef the 
arch, as a wedge tending to overthf ow ike piers by 
its pressure on the planes ML and ON. On these 
suppositions, the thickness of the piers may be de- 
termined, so that their weight shall enable l^em to 
resist this pressure. If from a point H^ in the verti- 
cal EC produced, perpendioulars Hit, }tX, be 
drawn to the planes ML and ON, and if HU be 
taken to represent the weight of the arph MI^OND^^ 
the paralIjelo|^am ID beipg described, HI and HD 
will represent the two forces which compound the 
force UH, and each of them will represent the 
force with which the arch presses op its siqpports 
ML and ON. Let RK = HI, and let RK be re^ 
solved into the two forces QK, KP, the one hori- 
zontal, and the other vertical, KQ tends to oirerset 
the pier, supposed moveaUe idKmt the pdint F, and 
KP adds to its stability. If FO be bisected ki W, 
we may suppose tiie wfei^ of the pier at F acting 

by 
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hj the lever FW, and KP by the lever FG, both 
tending to keep the pier in its pidce, while the force 
KQ jEicts by the lever KG or FY to overthrow it. 
Farther, though the pier is properly only FGAGr', 
yet it is usual to have it loaded with masonry to 
the height K, and even higher, so that its weight 
is proportional to the rectangle FK. This will 
give an equation between the forces, when their 
analytical expressions have been obtained. 

Angle UHI = j9, and VHI =: S0, the area MLOND, 

= a\ EC = r, make HU -, then IH = 

r 

= KR. 



KP = 3-2— sa. Let GK = A, and FG = «, 
2 r cos ^ 

then the rectangle FK =zhx, and the line that re* 

presents the weight of the pier will be — . 

Therefore, 



and hence, x = — — ■£ + aij ^ 



2Aco8? ^ »in2e 4A*cose* 

This determination of the thickness of the pier, 

proceeds on a hypothesis usually employed for de^ 

K 3 termining 
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termining the resistance of walls, &c. ; but which^ 
nevertheless, is not very conformable to fact.. The 
hypothesis is, that the pier AF, if the weight of 
the arch were too great to be sustained, would fall, 
by turning round the point F as b^ fulcrum. Now 
this is not what would happen ; the part of the 
abutment behind SM would be thrust out in the 
. horizontal direction, till the arch had room to fall ; 
it is therefore against the masonry immediately be- 
hind the part AM, and chiefly in a horizontal di- 
rection, that the force is exerted. 

The resistance made by a wall, is, in this view of it, 
analogous to the friction of a body resting on a 
rugged surface, and has, no doubt, a given ratio to 
the weight of the wall, and may perhaps be regard- 
ed as equal to it. Thus the mass of building im- 
mediately behind SM, should be of force sufficient 
to resist the thrust KQ; or, the section of that 

part of the pier should be greater than . * 

sm i& p 

We give this, however, only as a limit, to which it 
may be right to pay attention in the construction 
of such works- 

The true principles on which the resistance of walls 
is to be estimated, are not sufficiently understood; 
and, in the mean time, a skilful and cautious engi- 
neer, can do nothing better than compute the re- 
sistlmce on different hypotheses, and take care that 
the actual strength be greater tlian any thing that 
theory points out as necessary. 

gSO- As 
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230. As the wedges made by extending the 
voussoirs, according to the preceding theorems, 
would be of an inconvenient length near the spring 
of the arch, it will be best to substitute for them 
such a resistance as does not press till it is pressed 
upon. 

Thus, if on the pier immediately behind the arch, 
there be raised a body of masonry formed of ho- 
rizontal courses of large stones, the voussoirs being 
continued no farther than to come in contact with 
the ends of those courses', the purpose of equili* 
brium will be answered, supposing the work of 
sufficient strength, because anj of the voussoirs pres- 
sing against the horizontal courses, will have its own 
defect of weight immediately supplied by their re- 
action. Each voussoir will then receive, with mathe- 
matical exactness, the precise degree of pressure re- 
quired for the equilibrium, and can neither have more 
nor less than that quantity. The upper part of the 
arch is here supposed to be loaded in the manner 
that strict theory requires ; to which there does not 
appear to be any practical objection. If the pier 
be an intermediate one between two arches, the op- 
posite pressure on the horizontal abutting courses 
will rend^ their effect more certain. 

On the subject of Arcties, see Hutton's Principles of 

Bridges. Bossut, Rechtrchti sur VEqutlibrt des 

Voutes, Mem. de FAcad. des JSciencesy 1774 and 

1776 ; also Mfchanigue of the same author, edit 

It 3 1802, 
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I8O89 p. 383., &c. Prony, Architecture Hydrau- 
liqucy torn. I. § 358., &c. Atwood^s Treatise on the 
Construction and Properties of Archesy published in 
1801. This last work is particularly commends 
able, for the great accuracy of the investigation, 
t;he minuteness with which the subject is consider- 
ed, and the various experiments brought in support 
of the theory. A Supplementy in two parts, W9$ 
midfA to it ; the last in 1804. 



STRENGTH OF TIMBEtt. 



231. If a beam of wood, of which the section is 
any given figure, having its area =: fl*, have one 
end firmly fixed in a wall ; if * be the strength of 
each fibre estimated laterally ; d the distance of 
the centre of gravity of the section, from the edge 
where the fracture terminates, ^nd round which 
the beam, when it is broken, turi^s as on a hinge ; 
let I be the length of the beam, measured from 
the wall from which it projects, to the end at 
which a weight W is hung, just sufficient to break . 

it; Wxl = sa'xd, an4 W = i^. 

The weights, therefore, required to breitk differeat 
beams, are as the strength of the individual fibres, 
multiplied into the area of the sections, and into 
the distjinee pf the c^entris of gravity of the sections 

from 
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ima the foinU round which the beams turn in 
brefliking, divided bj their lengths. 

We are indebted to Galileo for this theorem. He 
was the fint who atlemptad to reduce the st/ength 
0f tke materials used hr the medianiodl arts, to the 
HseasiMnea of geometry and arithmetsc. J^tahgo Se^ 
t^mdoy Opercy toili; in. p. fiS., &c. See alse^ Und. 
p; 313k| m Onmtiditaty on wliat Galilbo has writ- 
ten oo: this iubjact, begun- bj VrwtAviy and com- 
I^ted by GfVtvo G^iAsnj^. 

It is obvious, that the hypothecs of the beam break- 
ing short over^ and turning as on a hinge, is not 
the precise fact ; and therefore the conclusion dedu- 
ced from this hypothesis cannot be expected to be 
more than an approximation. It does not appear, 
however, that more refined views, or more compli- 
cated speculations, have led to results agreeing 
better with experiment than the siifiple hypothe- 
sis of Galileo. 

SSau In a beam^ of which the section is a rec- 
tangle, having the breadth 6, and the depth c, 

s be* 
W = — T- . The strength, therefore, all other 

things remaining the same, is as the breadth mul- 
tiplied into the square of tlie depth. 

This proposition has been brought to the test of ex- 
periment by BuPFON, in a* great number of trials, 
made with great accuracy^ and on a Wge scale. 
k4 • The 
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The beams he subjected to trial were of oak, from 
seven to twenty-eight feet in length, and from four 
inches square to eight inches. 

I^ aj^ars from them, that the quantity called s in 
the above formulas, or the strength of Uie ligneous 
fibre, is nearly proportional to the specific gravityj^ 
or to the weight of a given bulk, for. example, a cu-f 
bic foot of the timber. The weights required to 
break the beams were found to be very nearly as 
the quantities b c% the length remaining the same. 
The real strengths, however, fell a little short of 
the computed, and the more, the longer the beam. 
In beams of different lengths, the variation of 
strength did not follow tlie inverse ratio of the 
lengths near so exactly as it did that of the other 
quantities included in the formula. Histoire Natu- 
relle par M. de Buffon ; Supplenient, tom. iii. 
p. 255,, &c. 12mo edit. * 

B38. In a beam, of which the section is a tri- 
angle, having the base ^, aiid tl^e depth or perpen- 
dicular /), when the base is uppermost, W ;= — y- j 

but when the vejlex of the triangle is upper- 
most, or the edge pf the pirism, W 21 -^^ . 

o I 

The strength of a prismatic beam is therefore twice 
as great when a face is uppermost, as when the op- 
posite edge is uppermost. 

In 
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In Kke manner, in a cylindric beam, of which the rt^ 
diusiar, W=zlflL. 

In a cylindric tube, the radius of the external surface 
being r, and of the internal r', 

- I 

The strength of the tube is therefore to the 
strength of the same quantity of matter, formed 
into a solid cylinder of the same length, as r to 

^ tube may, therefore, be much stronger than the same 
quantity of matter in a. solid form. This is known 
to be agreeable to experience. But it is also said, 
that a tube of metal has been found to support s 
greater trantverse strain than a solid cylinder, of 
the same diameter ; or that a solid cylinder, when 
bored in the direction of the axis, and a considerable 
part taken away, was stronger than before. 

This must undoubtedly arise from a change taking 
place in the position of the fulcrum or hinge round 
which the fracture is made. In the case of a cylin- 
der, and, indeed, of all solids, the fulcrum is not the 
mere outward edge, but a point in the interior ; on 
the one side of which the fibres are elongated, and 
on the other crushed together. The point, then, 
which serves as the fulcrum, will be found within 
the solid, at a greater or less distance, as th^ parts 

resist 
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resist lengthening more than crushing. The con- 
sequence of this is, that when the centre of gravity 
and the fulcrum are brought nearer to one ano- 
ther, the strength of the beam or bar is diminish- 
ed. When the heart of a solid mass is cut out, as 
is "supposed of the cjlinder^ the fulcrum, or thfe 
axis of the fracture, is perhaps kept nearer to the 
surface than when the whole ib a solid mass. 
This, at least, seems to be the most probable ac- 
count that can, at preasnt, ber given of a pheno- 
menon not a Utiie faraAmucsiy and nol yet suffici* 
entlj examined. 

I- 
S84. In similar beams, or solids, of the same 
stibstance, the strength increases a^ the square of 
the lengths ; but the weight increases as the cube. 
There is of course a limit, which^ if a beam of a 
givea shape, and of giyen materials, were to reach, 
it could only bear its own weight, Otid would be 
incapable of farther intteaat* 

Emerson^s Mechankif scholium at the end of sectioa 
vui. p. 111« 

235. When a beam, instead of projecdng. from 
a wall, is supported at both ends, it must break in 
the middle, and the termination of the fracture 
will be on the upper side ; and hence, when a rec- 
tangular beam is supported at both ends^ it is able 
to carry twice as great a load as when it is sup*, 
ported only at one endt 

When 



Digitized by VjOOQ IC 



M£CHANI<:S« 155 

Whm tbe section of the bom is rachy AeLtihe centre 
of gravity does not coincide with the centre of mag- 
fiitiide, as the termination of the fraehire, bj being 
brought from the under to the upper side, must 
change its distance from the centre of gravity of 
the section, a change of strength will take place al- 
so on that account. 

236. When a beam is supported at both ends, 
the wdght which it is able to bear at any point, is 
inversely as the rectangle under the segments into 
which it is divided by that point. 

A beam, therefore, supported at both ends, and of the 
isame section throughout, is weakest in the middle. 

A beam supported at both ends;, aad of a given breadth, 
vnJl be every where of the same strength, if its lon- 
gitudinal and vertical section be an ellipse,Jhavin^ 
the beam itself for its greater axis. 

237. From a given cylinder, to cut out the 
fitroDg^t rettangular beam possible. 

Let the circle ACB (fig. 12.) be the base of the cynnder; 
at the extremity A, of the diameter AB, draw the 
tangent AH equal to the cord of 90*, draw HK to 
the centre K, and let it cut the circumference in C; 
If CE be drawn parallel to AB, and CD at right 
angles to it, the rectangle D£, under these lines, 
is the saction of the strongest rectangular beam thai 
can be cut out of the given cylinder. 

For it is easily shewn, that CD^ x CF, to which 
the strength of the beam is proportional (§ 232.),, 
is greater in the rectangle thus determined, than 
in any other that can be inscribed in the circle. 

As 
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As from the constructioii CL^ = 2 LK% if the radius 
be caUed r, LK = ^, and CL = r ^|; 

80 CF =^, and CD = 2r z^? . CD is, 

therefore^ to CF, nearly as 7 to 5. 

In practice, as the tree from which the rectangular 
beam is to be cut, can hardly ever be truly cylin- 
dric, the first thing to be done is, to inscribe, by 
trial, the greatest circle possible, in the section of 
the tree. The rectangle may then be found by the 
Construction above. . ^ ^ ; 

288. If it is required to find the strongest rec- 
tangular beaai under a given perimeter or circum- 
ference, divide the given circumference into six 
equal parts, and take tw6 of these for the depth 
of the beam, and one for its breadth. 

These propositions are understood to be applicable, 
not only to beams of wood, but to bars of iron, or 
any other metal. 

239. If a beam, having one end firmly fixed in 
a wall, project from it with a certain inclination 
to the horizontal plane, the weight which it will, 
support at its extremity, is greater than that 
which it would support if horizontal, in the ratio 
of the square of the radius to the square of the co- 
sine of the inclination. 

That 
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That is, if W be the weight which a beam can support 

. . W . 

in a horizontal position, ;- is the weight it can 

*^ cost* ^ 

support when inclined to the horizon at the 
angle u 

The proof of this proposition proceeds on two prin- 
ciples, ^kai the linomentum of the weight is dimi- 
nished in the oblique beam, bj its perpendicular 
distance from the fulcrum, being diminished, and 
that the resistance of the beam is increased by the 
centre of gravity of the section being carried far<- 
ther from the fulcrum. Each of these being in the 
inverse ratio of the cosine of the inclination, their 

joint effect is in the inverse ratio of its square. " 

i 

It is implied in this reasoning, that the resistance of 
each fibre is the same to the oblique and to the di- 
rect fracture. Though this seems probable, it is not 
altogether certain, and it would be useful to have 
experiments directed to the clearing up of this d]£- 
ficulty. If the individual fibres resist fracture also 
in the inverse ratio of the cosine of the obliqui- 
ty, the strength of the beam will be in the inverse 
ratio of the cube of that cosine. This is observed by 
GuiDo Orand£, in |iie treatise already referred to. 
Opere di GaiiIleo, tom. iii. p. STL 

240. The theory in the preceding proposition 
being admitted, the force of a beam to resist the 
action of any strain, will be inversely as the square 

of 
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of the sine of the angle which the direction of that 
strain makes with the direction of the longitudi- 
nal fibres of the wood. 

According to this, the strength of the beam to resist 
a force applied to it endwise is infinite. This is no 
doubt false ; but the force in the case of a longitu- 
dinal pull or thrust is so great, that no practicd 
error will arise from it. The cause of the error 
hi this extreme case is, that the beam does not, nor 
cannot, obey the law of continuity^ which would re- 
quire, that when, bj varying its inclination, it be- 
comes quite upright, its longitudinal section should 
be infinitely extended. 

From this theorem^ it is evident, that grei^ advantage 
is obtained by making the strain on all timber as 
oblique or as nearly longitudinal as posuUe. This 
is the great principle in the construction q£ roofs 
and centres of bridges. The principle of the Arch 
should also be combined with it, so that pressure 
downwards may be so ^plied as to produce a pull 
or thrust upward. See the article by Professor Ro- 
BisoN on the Strength of Timber^ in the JBncyehp^" 
dia Britanniea. 

In the preceding theorems, no account is made of the 
weight of the beams, a circumstance that it is of- 
ten necessary to be considered. This may always 
be done by supposing the weight of the beam to be 
an addition to its load, collected in its centre of 
gravity. On this the following theorem is found- 
ed. 

241. If 
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241. If a rectangular beam, fixed in a Tjrall, 
project horizontally to the length /; if the depth of 
its section be a, and the weight of a cubic foot of 

the timber be »; then if /«= vi^, the beam 

will be ju$t able to support its own weight. 

To spplj this theorem, the value of « must be found 
fiMtt experiincQt In the case of a rectangular 

beam, we ha/ve «tf *-| ^^ ^2^ supposing the 

beamKupported at both ends, § S35. ; and therefore 

« = — iX"' ^^ BuFFON^s expenments^ ab wa« a 

square ; and in one where a was six indies, and 
I equal seren feet, W was 19350 Ih. Therefore, 

s « ^9^50x7 _ jgggQ ^ 56 -- 107800a In 

8 

this same experiment, the weight of the beam was 
128 lb,, and therefore a cubic foot weighed 73*2 

= 2>, so that $ = J— = 85,8 feet nearly. 

The following Table contains the mean results of 
BuFFON^s experiments. They were made on oak 
beams, cut from trees newly felled, and full of sap. 
The weight of the timber varied from 73 to 75 
French pounds to the cubic foot; its strength va- 
ried in the same proportion. 

3^ Table. 
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Table. 



Length 

of the 

Beams. 


Breadth or Thickness. 


4 inches. 


5 inches. 


6 Inches. 


7 inches. 


Feet 

7 


Lb. 
5312 


Lb. 
11525 


Lb. 
18950 


Lb. 


8 


4550 


9787i 


15525 


26060 


9 


4025 


39084 


13150 


22350 


10 


3612 


7125 


11250 


19475 


12 


2987 


6075 


9100 


16175 


14 




5300 


7475 


13225 


16 

18 




4350 


6362^ 


1100(^ 




3700 


55624 


9245 






3225 


4950 


8375 



BuFFON, HUt. Naturclle^ Supplement j torn. in. p. 260/ 
Ignoo edit Parii 1779. For a comparison of thef 
strength of different kinds of wood, &c. See Emer-* 
soN^s Mechanics J section viii. scholium at the end. 
MuscHENBROEk, § 1127, on the Strength ofTtm-* 
her J and § 1129, &c. on the Strength of Metals. 
See also Coulomb, Application des Regies de M a« 
ximis et Minimis a quelques ProUemes reUUifo a 
Architecture, Memoires Preaentes, vol. vh. (1773), 
p. 343., &c. 
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HYDROSTATICS- 



Sect. I. 



1»RE8SURE OF FLUIDlS^ 



242. A FLUID is a body so doristituted, that its 
pa^s are ready to yield to the action of any pres- 
sure^ however small, in any direction. 

Newton, Principia^ lib. ii. sectio 5. in initio. Ar« 
CBiXEDES de Inndentibus Humido. 

The scieace which applies the principles of Dyna* 
mics to fluid bodies is Hydrodynamics, and is di- 
vided into four parts, according as fluids are in- 
compressible or elastic, and according as their equi-* 
librium or their motion is considered. 

When fluids are incompressible, like water, the sci- 

^loe which exjdaias the laws of their equilibrium is 

caUed IfydrostaHcSf and that which explains the 

laws of thek motion is called Hydraulics. When 

L thqy 
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thej are oompressible and elastic, like air, the sci- 
ence which treats^ of the laws of their equilibriimi 
is catted AlrtfuioHcSf and that wUch iiuiis of liieir 
motion is Pneumatics. 

The fluids here treated of, are supposed to gravitate 
in lines either paridlel, 4»r directed to a centre, or ta 
several centres. 



S48. The surface of every fluid, when at rest, is 
horizontal, or perpendicular to the direction of 
gravity. 

If the directions of gravity are all parallel^ the sur- 
face of the fluid is a plane : If they converge to a 
point, the «arface vf tfaa fluid m a portion of « 
spherical surface, having that point for a centre. 

BossUT, Hydrod. torn, r. § 19. CavaliiO, vol. ii, 
diap. ii. pcop. 2. 

Levdfing is the art ef drawuig a line at the surface 
pf the eaxlih, to cut the directiaos of gravity every 
where at right angles. 



This line is nearlyanareiiaf aoiick, andif L be the 
length of any such arch in English miles, and D 
the depression, in feet, of one extremity of it, be- 
low a tangent drawn (o It at the other ^xtremi* 



If a oommnideitiai^ by Means of a tube or pipe, ei- 
ther straight or eroeked, bt «$de between llie wa* 

ter 
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ter in one vessel, and that in another, the, surfaces 
of both will come to be at the same level before the 
water is at rest; or if there is not water sufficient 
to bring both to a le^el, the whole will be accumu* 
lated in the lowest. 

r 

If water is permitted to flow freely from one vessel 
to anotter. It will never be at rest till it is the low- 
est possible. 

244« The fluid contained in any vessel, being at 
rest, and subjected to the sole action of gravity, 
any particle of it is pressed in all directionB, (ver- 
tically, horizontally, and obliquely), by the same 
force, viz. the weight of the column of water per- 
pendicularly incumbent on it. 

BosavT, Ifydrodynamique, voL i* § 23. 

245, If the fluid contained in any vessel be at 
rest^ and subjected to the action of gravity only, the 
pressure on an indefinitely sooall area, at any point 
of the bottom oi^ ^ides, is perpendicular to the 
plane of that area, tod equal to the weight of a 
vertical column of the fluid, standing on it as a 
base, and reaching to the surface. 

Hence the pressure on aity part w, the bottom or 
sides of a vessel, depends entirely on the depth of 
the fluid at that point, and not at all on the extent 
of the fluid in a horizontal direction. 

1 2 246. The 
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246. The same being supposed, as in the last 
proposition, the whole pressure sustained by any 
portion whatever of the bottom or sides of the ves- 
sel, is equal to the weight of a column of the fluid 
having for its base the surface pressed on (extend- 
ed into a plane if necessary), and for its altitude 
the mean depth of the incumbent fluid. 

Cote'^s Hydrostatical Lectures, Bossut, Hydrodj/n. 
vol. I. § 26. 

The mean depth of any portion of the surface of the 
bottom or sides of the vessel, is the same with the 
distance of the centre of gravity of that portion be- 
low the surface of the fluid. 

The strength of the walls necessary to resist the pres- 
sure of a fluid of any given depth, is determined 
by this propositidn. 

If the figure of the vessel be such as is represented^ 
(fig. 20,) the pressure on every point of th6 bot- 
tom is the ^me as if it wdfe filled with fluid every 
where to the height FE6. Hence the pressure of 
'a fluid on the bottom of a vessel may be very 
great, while the weight of the fluid is very small ; 
and hence also the addition of a small quantity of 
water in the neck or tube HE, may increase the 
pressure on CD in a very great proportion. This 
is called the Hydrostatic Paradox, 

^ 247* A body immersed into a fluid is pressed 
upwards by a force equal to the weight of the 
fluid it displaces, and the direction of that force 

passes 
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passes through the centre of gravity of the part 
immetsed. 

The proposition holds, whether a body sink in a fluid 
or float on its surface. 

When a body floats^ the weight of the water displa^ 
ced is equal to the weight of the body. 

248. The differetice between the absolute weight 
of a body, and its weight when entirely immersed 
in a fluid, is the same with the weight of a quan- 
tity of the fluid equal in bulk to the body. 

If W be the weight of a body in vaem, (which we 
may suppose to be nearly the same with its weight 
in air), and if W be its weight in water, W — W 
is the weight of a quantity of water equal in bulk 
to the body: 

It follows from § 30, that the weight of any body di- 
vided by the weight of an equal bulk of water, 
measures the specie grapity of the body. The 
specific gravity of a body weighed as above, is 

W 

Htnee the specific gravities of bodies are found by 
weighing them, first in air, and then in water. 
The instrument with which this experiment is made 
is called the Hydrostatic Balance. 

249. Let it be required, by the hydrostatic ba- 
lance to determine the specific gravity of^a body 
io light as not to sink in water. 

& 3 Wagh 
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Weigh the body first in air, and then hj a slender 
thread attach to it a heavier bodj, that the two to- 
gether majr sink ; the heavier bodjr being previous- 
ly weighed, first in air, and then in water. Let 
die compound body thus formed be weighed in 
water ;• th?n frpm t)ie weight lost by it, subtract 
the wei|[ht lost by the heavier body, when weigh- 
ed singly ; the remainder is the weight lost by the 
lighter body, by which if its weight be divided, its 
specific gravity will be found. 

Cavallo, vol. II. p. 61. His solutionf i* a little dif- 
ferent from this, but the result is the same. See 
the example, ibid. 

S50. If the same body be weighed in two diffe- 
rent fluids, the weights lost will be to one another 
as the specific gravities of the fluids. 

By help of this proportion, the specific gravities of 
different fluids may be compared together. The 
specific gravities of difierent fluids may also be 
found, by weighing equal bulks of them. 

If a body float on different fluids, the bulks of the 
part immersed will be inversely as the specific gra- 
vities of the fluids. It is on this prindj^e that the 
hydrometer, aerometer, &c. are constructed. 

See Description o/" a Byinmuter, Cavallo, vol. n. 
p. 66. 

251. If the specific gravity of air be called m,^ 
that of water being 1, if W be the weight of any 
^. body 
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body in air^ and Wits weight in water, then 
W+w(W — W'j is its weight in vacuo very 
nearly. 

In the mean state of the atmosphere, 9n=s.00123 
nearly. 

252. If s be the specific gravity of a body, as- 
certained by weighing it in air and water, and 
m be the specific gravity of the air at the time 
when the experiment was made ; the correct spe- 
cific gravity, or that which" would have been 
found if the body had been weighed in a vacuum 
instead of air, is ^ + ^ ( I — 0* 

When the body is heavier than water, this Correction 

is subtractive ; when lighter, it is additive, 

• 

The manner of finding the specific gravity of air will 
be afterwards explained. 

258. If B be the bulk of amy body in cubic 
inches English, W its weight in grains, and 
S its specific gravity, that of water being 1 ; 

^ - (268.576) S* 

This theorem is founded on an experiment of Sir G. 
Shuckborough's, (Phil. Trans. 1798), by which 
the weight df h cubic inch of distilled water^ of the 
temperature 66^, was found to be 2&2.iS2 grains, 
which, reduced to the temperature 60°, is 262.576. 
€avallo, vol. n. p. 98. 

t4 The 
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The logarithm of 252.576 is 2.4023921. 

If W is expressed in lbs, Troy, it must be multiplied^ 
by 5760 ; if in lbs. avoirdupois, by 7002. If B » 
required in cubic feet, its value must be divided by 
1728. 



Sject. II. ^ 

SOLID BODIES FLOATING ON FLUIDS. 

254. A solid floating on a fluid specifically hfca- 
vier than itself, will be in equUibrio when it has 
sunk so far, that the weight o( the fluid displaced 
is equal to the weight of the whole solid, and 
when the centres of gravity of the whole solid, 
'and of the part immersed, are ir^ the samtf veirUcal 
line. 

Archimedes, de Humido Iimdentibuff Kb. i. Bossvt 
Hydrodyn. torn. i. chap. 12. 

Hence every solid of revolution, and in general every 
solid which has an axis that divides it into two parts 
equal and similar, if it be specifically lighter than 
a fluid, and if it be placed in the flui^ with its axis 
vertical, may sink to a position in which it will 
remain in equilibrio. 

There are always two opposite positions of equili- 
brium in such bodies; but there is tfnly one of 
them in wjjiich the body can float permanently. 

255. A 
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S55. A prism, g£ which the triangle ABC 
(%i 2i.)y is a transverse section, being supposed 
homogeneous, and its specific gravity being less 
tfian that of a fluid in which it is immersed, but 
having a given ratio to it, required the different 
positions in which it will be in equilibrium. 

Let the prism float with the angle ABC downward, 
and let DE be the common section of the plane of 
the tnangle with the surface of the fluid, or what 
is called the water line. The area of the triangle 
BDE is given, being to that of the triangle ABC, 

' as the specific gravity of the prism to the specific 

} gravity of the fluid ; therefore the line DE touches 
a given hyperbola, described with the assymptotes 
AB, BC, and is bisected in the point H where it 
touches that aurve. Bisect AC in F, draw BF, 
BH; takeBGslBF, and BEssf BH, 6 is the 
centre of gravity of the triangle ABC, and E that 

^ of the triangle DBE, and therefore, because of the 
equilibrium, 6K is a vertical line, as also FH, 
which is parallel to it. Therefore FH is perpendi- 
cular to DE, and consequently to the hyperbola 

' which DE touches in H. The position of FH, 
dnce the point F is given, may therefore be found ; 
and as many perpendiculars as can be drawn from 
that point to the hyperbola, so many positions are 
there in which the prism may float with the angle 
ABC downward. 

The different positions of FH are determmed, by the 
roots of a biquadratic equation. I)raw FE and 
HL perpendicular to BC; let BEcsa, EFssi, 

BLs=:tg 
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BLas«y LHr:^, and the constant rectangle 
HLxLB=:c*; then FH» = (a— a?)* + (i— jf)* 
and jr^=:c^; whence by the method of tnaxima 
and mintmaf we obtain «*— « «' + 4 c* « = c* , from 
which the different values of BL maj be detemur 
ned. 

A geometric construction maj be obtained, bj sub 
stituting xy for c% whence we get 

an equation to a hjrperbola, the intersection of 
which, with the given hjperbola, will determine 
the different values of BL, and consequently the 
diflSsrent posatioQaof FH. 

See the solution of other problems of this kind, Aa- 
CHUiKDBB de Sumido InstdentibuSf lib. ii. Bossut, 
HydroL torn. i. chap. xiL § loiS.^ &c. 

256. When the equilibrium of a floating body is 
disturbed, or when the centres of gravity of the 
whole and df the part immersed are not in the 
saitie vjertical line, if d vertical plane be made to 
pass through both those centres, the body will re-. 
volve on an axis passing through its centre of gra- 
vity, and perpendicular to that plane. 

This follows from what has been proved concerning 
the rotation of bodies, § 2l9. 

BosauT, Hjfdrod. torn. n. § 179. Attwood^ Phil 
Trans. 1796. 

257. A 

Digitized by VjOOQ IC 



I 



fiXJDROSTATlCS. 171 

v 

iS7. A body maj be so constituted, that iir 
every position the centres of gravity of the whole, 
and of the part immersed are in the same vertical* 
line, and ia such a body the equilibrium cannot 
be disturbed by any force that only tends to make 
it revolve on an axis. 

A homogeneous sphere is a body of this kind, and so 
also is a cylinder floating with its axis horizontal. 
These have no tendeney to maintain one position 
more than another, and thejif e^uj^t^uip 19 ^fjjitd 
the equilibrium of indifference. * 

2i8. Some floating bodies, when their equili-. 
brium is disturbed, return to their position after a^ 
few oscillations backwards and forwards. Otl^ers^ 
when their equilib^iuni is ever so little disturbed^ 
do not resume their former position, but revolve^ 
on their centres of gravity, till they come into 
another position, when, they are again in eguiS-- 
brio. 

Tli§ f9uUiI)jri|i^ in the firsjt cagf }s md to be s table, 
in the latter case to be unstable. In this }^ case, 
the bodies are said to overset 

S^fi- When a floating ^^7 13 mad^ to revolve 
from the position of. eqnilibriuio, if thp lifie of 
support (that is, the vertical, through the xentrc 
of gravity of the immersed part) move ^m to be 
on the same side of the line of pressure (or the 

vertical 
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Tertiqeil through the centre of gravitj of the 
whole) with the depressed part, the equilibrium is 
stable, and the body will resiune its former posi- 
tion. 

S60. The same things being supposed, if the 
line of support is on the same side of the line of 
pressure with the elevated part, the equilibrium 
is unstable, and the body will overset. 

BessuT, Hydrod. torn. i. 

861. If a body float on the surface of a fluid, the 
force tending to make it revolve about its centre of 
gravity is equal to the weight of the body, acting 
by a lever, the length of which is the horizontal 
distance between the line of pressure and the line 
of support. 

AnwooD, PM. Trans. 1796, p. 61. 

When this diitance is nothing, or when the two cen- 
tres are in the same vertical line, the force tending 
to make the body rerolve^ is equal to 0, as already 
tUted, § 267. 

When the body is any how inclined from the state of 
equilibrium, and when the line of support i^ on the 
same side of the centre of gravity with the dqpressed 
part, the lever by which the weight act$ is account- 
ed affirmative^ and the force tends to establish the 
equilihriiun. 

When 
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When the line of support is on the same aide, of the 
line of pressure with the elevated part, the force 
is accounted negative, and tends to overset the 
bodj'. 

fl62. If in a floating body, of which the trans- 
Tcrse section is the same from one end of the bo- 
dy to the other, a be the length of the water line, 
(f the area of the section of the immersed part, d 
the distance between the. centre of gravity of the 
whole and the centre of grayity of the immersed 
part, and i an indefinitely small inclination ' from 
the piositioft of equilibrium; the momentum of 
the force tending to restore the equilibrimn is 



A^ — rf) Wsirii. 



If Ta^t > rf» the force tends to restore the body to 
its state of equilibrium* 

, If r^ = rf, there is no force tending either to re- 
store or destroy the equilibrium. V 

If Tq"^ < dy the fotce becomes negative, and tends 
to overset the body^ i 

When W remains the same, the «?a5ztoj/ is propor- 
tional to ( j|-5 — d) sUi u 

When 
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When ^e centre of grmvifcf at the body is loirer than 
the centre of grayity of the unmened part, d is ne- 

gative, and the quantity jg— 5 — d ig affirmative^ 

whatexr^ be the magnitude of Tq-7* 

If in the axis of the solid, or in the line passing 
through the two centres, there be taken a point dis- 
tant from the centre of the immersed part, by 

zr YaT^y ^^ point is called the Tnetacentre, be* 

canse the centre of gravity must be lower than it, 
in order that the body may float with stability. 

By the centre of gravity of the immersed part, is al- 
ways understood its centre of gravity, supposing it 
homogeneous. It is in fact the centre of gravity 
of the water displaced> and were perhq>s better di- 
stinguished by the name of th^ centre of buojfawy. 

263. When a floating body revolves about a gi-- 
ven axis, the positions of equilibrium through 
which it passes, arc alternately those of stability 
and instability. 

For between a state in which a body has a tendency 
to remain, and another in which it has also a ten- 
dency to remain, as these tendencies are opposite 
to one another, there must be an iiitermediate posi- 

tioBy 
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Hon, in whidi the tendency* to remain is^qual is 
iM>tliing« 

Atwood, PhiL Trans. 1796, p. 63. 

S64. If a rectangular paiailelopiped float in n 
fluid, with its altitude a perpendicular to the sur- 
face ; if its breadth be A, and its specific gravity n, 
that of the fluid being 1, its stability will be as 

If* 

When it has no stability, -g — « (1 — ») a'=0, and 



V6«( — n) 



If n =s ^, as is nearly the case with fir, 

b /2 5 b 

dss — ===== = iy 3 = -g nearly. The truth 

• of this conclusion may be shewn by expenmenL 

Atwood, ttji Mipra^ p. 67. Young's AnalyaU of the 
PrinctpUs of Natural Philosophy, p. 212. § 15\ 



q66. As the force impelling the floating body in 
its vibrations^ is proportional to the sine of the in- 
clination 
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clinatiQnt)f its axis, or the angle which it ipakes 
ivith the vertical, and as this is the same la^ that 
regulates the vibrations of a pendulum in a small 
arch of a circle, a pendulum may be found, the 
vibrations of which are isochronous with the small 
vibrations of a floating body. 

Atwood, Phil, Ttans. ubi supra, p. 123. Bougub^^ 
MatUEUvre des VataseauXf lib. i. § iii. chap. 7. 

On the subject of this section, see also Euler^s Theo^ 
ry of the Construction and Pnyperties of Vessdst 
translated by H. Watsok, chap. 4>^ 5 & 6., &c. 
Grsgory^s Meehanicsy vol. i. p. 



Sect. III. 



PHENOMENA OF CAPILLARY TUBES* 



266. If a capillary tube of glass, that is, a tube 
of which the bore is less than one- tenth of an 
inch, be immersed in water, the water will rise 
within the tube to a greater height than it stands 
at on the outside ; and this height is nearly in the 
inverse ratio of the diameter of the tube. 

For a tube of which the bore is ^^th of an inch, the 
rise is 5.3 inches. So the product of the diametei' 
ef the tube, into the height to which the water ri- 
ses. 
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ses, ifi a giyen quantify, and nearly =: .053, in 
parts of a square inch. 

It follows alsafirom the above, th&t the weights of the 
columns of water sustained in capillary tulles, are 
as the diameters of these tubes. 

Though the rise of water above its natural level is 
most manifest in small tubes, it appears, in a de^ 
gree, in all vessels whatsoever, by a ring of water 
formed round the sides, with a cencavity upwards. 

267. Capillary suspension takes place, though 
the tube be not imnjfersed in water, providing a 
drop of water adhere to the lower end of it. 

268- The surface of the water in a capillary 
tube is concave upwards ; and if by taking the 
tube out of the water, and inclining it, the fluid 
be made to move along it, the concavity appears, at 
both ends of the column, and is the same in figure, 
and size whether the tube be held perpendicular- 
ly, horizontally, or obliquely. 

269, When by inclining the tube, the column 
of water is made to move, it appears to suffer re- 
sistance as it approaches either end, and does not 
completely reach the end, till the tube is either al- 
together, or very nearly, inverted. 

M When 
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When the tube is placed in the water, howeTer far 
it be thrust down, the water within never reaches 
the top, till the tube b completely immersed. 

270. If a capillary tube composed of two cylin- 
ders of different bores, be immersed in water, first 
with the widest part downwards, and afterwards 
with the narrowest, the water will rise in both 
cases to the same height. 

If the smaller end is such as to require the whole to 
be filled by suction, the water stands at the same 
height as if the whole tube were of the bore of the 
vupper part. This experiment, however, does not 
succeed in vacuo, and therefore the water in the 

» wide part of the tube, must be considered as sus- 
tained by the pressure of the sir. 

571. If two plates of glass be kept parallel, and 
near to one another, and if their ends be immer- 
sed in water, the water will ascend between them 
to half the height it would rise to in a tube having 
its diameter equal to the distance of the plates. 

Newton'^s Optica, Book in. query 31. Haiiy, Traiie 
Elmtntairc dt Physique, tom. i. § 333. edit. 1806. 

When the plates make an angle with one another, if 
theyvbe immersed with the line of their intersection 
vertical, the water will ascend between ihem, and 
form a hyperbola. 
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La Placb caused experimenti to be made with one 
tube placed within another, so that their axes coin* 
cidedy and found that the water ascended in the space 
between them only half as high as it would have 
done in a single tube in which the diameter of the 
bore was equal to the distance of the two tubes 
from one another. Hauy, ibid. 

272. If a glass tube of a sniall bore be immer* 
sed in mercury, the mercury does, not rise within 
the tube to the height at which it stands on the 
outside : its surface within is convea', as it is also 
without, all round the tube. 

273. If into a conical capillary tube, held in a 
horizcmtal position, a drop of water be introduced, 
it will run toward the narrow end ; but if a drop 
of mercury be introduced, it will run toward the 
wide end. 

La Placc, Mechanique CduU^ Lib. z. Supplement, 
p. 6. 

274. Whether a fluid rise or fall between two 
vertical and parallel planes, immersed in the fluid 
at their lower extremities, the planes tend to ap- 
proach one another. 

It is from this tendency, that two 8^lall vessels of. 
glass^ of a parallelepiped form, floating on water or 
M 2 mercury, 
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mercury, unite, whenever they apjproach neiur to 
one another. La Place, t&tc2. § 11. 

The phenomena here enumerated, clearly prove the ^ 
existence of an attractive force between water and 
glass, but require to be carefully compared before 
they inforn^ us of the manner in which that force 
is exerted. The fact that points most directly to 
the place where the force resides, is that of the 
concavity of the suiiace, mentioned at § 268w 

27A. From this fact it may be inferred, that a 
narrow ring or zoiie of glass immediately above 
the surface of the water, exerts its force on the wa- 
ter, and it is found that the phenomena of capil- 
lary tubes, may be explained by supposing, that 
the attraction of the glass, -combined with the 
weight of the water, and the cohesion of its parti- 
cles, is the cause of the concavity just mentioned, 
or of the little meniscus of water, MIOKN 
(fig, 22,), which- terminates- the column; This 
meniscus is, therefore, a body of water stretched 
across the tube, and sustained there by the attrac- 
tion'of the glass, while it exerts its own attraction 
on the particles of the column immediately under- 
neath, by which means the gravity of those parti- 
cles is diminished, and the water rises in the tube 
above its level on the outside, to supply their 
deficiency of* weight- 

^ This 
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T2is is the theory of La Placb. He has determined 
the superficies of the meniscus to be nearly spheri- 
. cal, and its attraction to be equal to that of a sphe- 
. ride of water of the same diameter with itself. 
The ascent of the water, in the inverse ratio of the 
diameter of the capillary tube, is thus accounted 
for; the attraction of the meniscus beipg directly 
as its -diameter, or as the diameter of the tube, that 
is, as the weight of the water sustained. 

It is understood in all this,- that the attraction o( the 
. . .particles reaches b^ond the nearest, butiiot to any 
sensible distance. 

In the case of mercury, glass either repels the fluid, 
or attracts it. less thapits partidLes attract one ano- 
ther. Hence the convexity of the surface that ter- 
minates the column, and the depression of that sur- 
face below the natural leveL 

The author of this theory considers the concave sur- 
face of the fluid, and the attraction which the me- 
niscus exerts, as the principal cause of the pheno- 
mena of capillary tubes. Ibid, p. 5. We confess, 
that we cannot see the matter precisely in this 
light. The principal and primary .cause must cer- 
tainly be, that attraction which sustains the menis- 
cus, anjd enables it to act an. the water below with- 
out being drawn out of its place. It is not the 
mS concavity 
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eoncavitj of its surface thai makes the water in 
the tube press less on the bottom than if its surface 
were plain, but it is the atti^tion of the glass that 
produces, in a manner equally direct, both the con- 
cavity and the diminution of the pressure. 



276. The reason why the water between the 
two narrow plates of glass rises only to half the 
height it does in a capillary tube, of a diameter 
equal to the distance of the plates, is, that the 
quantity of the attracting zone is nearly halved. 

The same holds of the tubes, inserted the one within 
the other. Any small column of the water be- 
tween them, is supported by the attraction of the 
glass only on two sides. 

So also, in the movement of the drop to the small 
end of a conical capillary tube ; if the attraction of 
a particle of the tube be resolved into two, one in 
the direction of the axis of the tube, and the other 
at right angles to it, the former will be directed to- 
wards the vertex of the cone. If the force is repul- 
sive, the part in the direction of the axis will be 
toward the base. On the same principle may be ex- 
plained the tendency of two plates to unite, whe- 
ther water rises or mercury sinks between them. 



The 
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The thcoiy of La Place^ so far as the attraction of 
the tube is concerned, has a great af&nitj to that 
of Dr JuRiN, Pit/. Trana. NO. 363. art. 2. In 
what respects the form of the upper surface, it is 
founded on the same principles with Clairaut's ex- 
planation, Theorie de la Figure de la Terrty tiree dea 
Principcs de VHydrostatique^ § 59. 

277. Clairaut has proved, that if the law by 
which the matter of the tube attracts the fluid, be 
the same with that by which the parts of the 
fluid attract one another, the fluid will rise above 
the 'level whenever the intensity of the first of 
these attractions exceeds half the intensity of the 
second. If it is exactly the half, the surface of 
the column within the tube will be a plane, on a 
level with the surface without. 

Theorie, &c. § 60. 

In some cases, the attraction of the bottom has an 
evident effect ; when the lower end of the capilla- 
ry tube is stopped by the finger, and the tube ta- 
ken out of the water, if the finger is withdrawn, a 
drop forms, and the water stands higher in the tube 
than when it was immersed in the water. La 
Place, ibid. § 16. This seems to arise from the 
action of the bottom and outside of the tube on the 
drop, by which the column of water in the tube is 
lifted up, as it were, and raised to a higher level. 

M 4 The 
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The circumstance that has so long 'rendered the theo- 
ry of capUlary tubes a matter of doufat^ is the dif- 
ficulty of finding a perfect experimtntum crucisf or a 
fact which can be explained by one theory only. It 
cannot be said, that even the theory of Clairaut 
and La Place possesses the demonstrative evidence 
which such an experiment would afford. 



HYDRAULICS. 
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. K[YDRAUI.ICS, 



.Im .11 1 • : 



Sect. L 



FLUIDS ISSUING THROUGH APERTURES IN THE 
BOTTOM O^ SIDES OF VESSSELS. 

278* If two bodies be uniformly accelerated over 
distances that are inversely as the accelerating 
forces, they will acquire equal velocities. 

This proposition is given as a. lemma to that which 
follows. 

279" The velocity with which a fluid issues 
from an infinitely small orifice in the bottom or 
side of a vessel that is preserved full, is equal to 
that which a heavy body would aqquire by falling 
from the level of the surface to the level of the 
orifice. 

]BossvT^ Hi/drod. torn. i. § 318. 

Therefore^ 
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Tberefore, let i( be the depth o[ the fluid ; g the 
velocity acquired bj a falling body in one se- 
cond ; V the Telocity with which the water issues ; 

If the Telocity with which the fluid issues from the 
orifice, were turned directly upward, it would car- 
ry it to the IcTcl of the surface of the fluid. 

280. The quantity of water that issues in one 
second, through a given orifice, is equal to a co- 
lumn of water having the area of the orifice for its 
base, and the velocity with which the fluid issues 
for its altitude. 

Hence, if a^ be the area of the orifice, and d the 
depth of the water above the orifice, and q the 
quantity c^ fluid running out in one second. 



Of the quantities of 9, a and d, any two being given^ 
the third may be found : 

, _ ? , fl 

The quantity of water that issues through an orifice, 
is as the area of the orifice multiplied into the 
square-root of the depth. 

When the experiment is made, it xs found that A 
must not be taken equal to the exact area of the 
surface. The vein of water that issues through the 
•maU orifice, suffers a contraction, by which its 

section 
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flection has been found tb be diminished in the niii 
tio nearly of 5 to 7. Therefore we must take i 

of the above result for the true value of g^ whick 
is, therefore, y d^ ^2gd. As ^ is near = — -, we 

may, therefore, make Q = a} \lgd. 

As y^g d b the velocity acquired by falling throu^ 

^, it has been supposed by some writers, that the 

water issues only with the velocity that would be 
acquired by falling through half the depth of the 
fluid. See Cavallo, vol. ii. chap. 7. p. 168. 

281. Water issuing through an oblique pipe in 
the side of a vessel which is kept full, descHbes a 
parabola in a vertical plane, passing through the 
• axis of the pipe ; and the directrix of the parabola 
is the line of common section qf the said vertical 
plane with the surface of the water produced. 

That the curve is^a parabola, follows from the theo- 
ry of Projectiles, § 89. ; and that the directrix it 
the same, whatever be the angle of elevation, fol- 
lows from this, that the water issues with the same 
velocity whatever direction the axis of the pipe 
has, viz. that which corresponds to the height of 
the surface of the fluid above the orifice. 

282. The 
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* *282." The time that a cylindric vessel, (the area 
of its base being A*), requires to empty itself by a 
hole in the bottom, of which the area is a*, the 
depth at the beginning of this discharge being 

</, is -• V — ; and the time that the surface takes 
a" g 

^ to sink, from the depth d to any other depth d\ is 

l^ / \jd—Md \ I 

Dan. Biernouilli, Hydrodynamtca. sect. iv. § 13. ; 
BossuT, Hydrodyn. torn. i. § 232. 

The construction of the ckpsydra, or water-clock, de- 
• pends on this proposition. If the whole depth 
tLrough which the surface of the water sinks in 12 
hours be divided into 144 parts, it will sink 
through 23 of these in the first hour, 21 in the se- 
cond, 19 in the third, and so on, according to the 
series of the (?dd numbers. 



283. The vein of water, as it issues out, is con- 
tracted \ and from that, and other causes, the 
actual discharge of water is net so great as 
it is computed to be in the foregoing theo- 
rems. This difference, however, affects only the 
absolute quantities, and not their proportions ; the 
quantities really discharged being as the square- 

•' rooti 
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roots of the dcptlis multiplied into the areas orthe 
orifices. 

According to some very accurate experiments of 
BossuT, the actual discharge through a hole made 
in the side or bottom of the vessel, is to the theo- 
retical as 1 to .62^ or nearly as 8 to 5. The theo- 
' retical discha:rge, when computed, must, therefore^ 
be diminished in this ratio to have the true one. 

If the water issues, not through an aperture in the 
side, or bottom of the vessel, but through a pipe 
from 1 to 2 inches in length, inserted in the aper- 
ture, the contraction of the vein is prevented, and 
the actual discharge becomes to the theoretical, as 
8 to 10, or as 4 to 6. In this way, therefore, the 
discharge is increased neaHy in the ratio of 4 to 
3. BossuT, § 523. See also Prony, ArchitecL 
Hyd. § 840. 

The theoretical discharge, the discharge through an 
additional tube, and that through a simple perfo- 
ration in the side, are as the numbers 16, 13, and 
10 nearly. 

284. Water thrown up in a perpendicular jety 
ought to ascend to the height of the reservoir j but 
on account of the resistance of the air, the fric-* 
tion of the pipe, &c. it always falls short of that 
height; and it is found by experiment, thatithe 
differences between the heights of the jets and of 
the reservoirs, are as the squares of the heights of 
the jets themselves. 

If 
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If H and H^ be the heights of two reservoiniy k and 
h' the heights of the actual jets, 

H — A:H'— A'::A :A'^ 

This observation was made by Mariotte. Bos- 
auT, II. § 615. 

The water ascends highest when the jet is not quite 
perpendicular; when it is perpendicular, the ascent 
is obstructed by the water falling back on the as- 
cending column. 

The height to which the water rises in the jet, ia 
called the height of the effective head. 

The parabola which an oblique jet describes, has Its 
directrix not exactly as determined in § S81 ; but 
at the height of the effective head» 



Of Conduit Pipes and Open Canals. 

285. When the water from a reservoir is con- 
veyed in long horizontal pipes, of the same aper- 
ture, the discharges made in equal times are near- 
ly in the inverse ratio of the square roots of the 
lengths. 

It is supposed that the lengths of the pipes to which 
this rule is applied are not very tmequaL It is an 
approximation not deduced from principle, but de- 
rived immediately from experiment. Bossur, 
torn. iL § 647, 648. At § 673. he has given a 

table 
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table of the actual discharges of water-pipei, as fiur 
as the length of 2340 toises, or 14950 feet English. 

286. Water running in open canals, or in rivers, 
is accelerated in consequence of its depth, and of 
tiic declivity on which it runs, till the resistance, 
increasing with the velocity, become equal to the 
acceleration, when the motion of the stream be- 
comes uniform. 

It is evident, that the amount of the resisting forces 
can hardly be determined by principles already 
known, and therefore nothing remains, but to as- 
certain by experiment, the velocity corresponding 
to different declivities, and different depths of wa- 
ter, and to try, by multiplying and extending these 
experiments, to find out the law which is conunon 
to them all. 

The Chevalier nu Buat has been successful in this re- 
search, and has given a formula for computing the 
velocity of nmning water, whether in close pipes, 
open canals, or rivers, which, though it may be 
called enqtiricalf is extremely useful in practice. 
Principes d^HydrauliquCf par M. Le Chevalier du 
BuAT, 2 vol. 8vo, edit. 2. Paris 1786. Professor 
RoBisoN has given an abridged account of this 
book, in his excellent articles on Rivers and Wa- 
ter-works, in the Emychpiedia Britannica. 

Let V be the velocity of the stream, measured by the 
inches it moves over in a second; R a constant 

quantity. 
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quantity^ viz. the quotient obtained hj. dividing 
the area of the transverse section' of the stream, ex« 
pressed in square inches, by the boundary or peri- 
meter of that section, minus the superficial breadth 
of the stream, expressed in linear inches. 

The mean velocity is that with which, if all the 
particles were to move, the discharge would be the 
same with the actual discharge. 

The line R is called by Du Buat the radtic*, and by Dr 
RoBisoN the hydraulic mean depth. As its affinity 
to the radius of a circle seems -greater than to the 
depth of a river, we shall call it, with the former, 
the radius of the section. 

Lastly, Let S be the denominator of a fraction which 
expresses the slope, the numerator being unity, that 
is, let it be the quotient obtained by dividing the 
length of the stream, supposing it extended in a 
straight line, by the difference of level of its two 
extremities ; or, which is nearly the same, let it be 
the. co-tangent of the inclination or slope. 

287. The above denominations being under- 
stood, and the section, as well as the velocity, be- 
^ng supposed uniform, V = 



307 n/R-^ 8 



10 V*^— in: 



or 
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See Du Buat, ubi 9upru, § 61., &c. At § 62. p. 66. . 
the formula is reduced to English measure^ as now 
given. 

When R and S are very great, V =: 
R* f — — ^J e — ^ nearly. 

■The logarithms understood here di*e the byperbo* 
lie. 

The slope remaining the same, the velocities are as 



The velocities bt two great rivers ttiat have the sam^ 
declivity, are as the square roots of the radii of 
their sectiofns. 

If ft is so small) that y B.^^ = 0^ 4Mir R ob |q5 

the velocity will- be nothing ; which is agreeable to 
experience ; for in a cylindric tube R = ^ the ra- 
dius ; the radius, therefore, equal two-tenths ; so 
that the tube is nearly capillary^ and the fluid will 
Hot flow through it. 

IT The 
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The velocity may also become nothing, by the dedi^ 
vity becoming so small^ that 

307 8 ^ ^ ^ 

if g is less than EnggQQj or than T^^th of an indi 

lo an English mile, the water will have sensible 
motion. 



288. In a river, the greatest velocity is at the 
surface, and in the middle of the stream, from 
which it diminishes toward the bottom and the 
sides, where it is leasts It has been found by ex- 
periment, that if from the square root gf the velo- 
city in the middle of the stream, expressed in 
inches jE>er. second, unity be subtracted, the square 
of the remainder is the velocity at the bottom. 

Princtpes d^Hydrauliqney par Du Buat, § 67. 

Hence, if the former velocity be =: t?, the velocity at 
the bottom = t? — 2 -/t? -f- 1 . 

289. The mean velocity, or that with which, 
were the whole stream to move, the discharge 
would be the same with the real discharge, 
is equal to half the sum of the greatest and 

least 
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least velocities, as computed in the last propo- 
sition. 

The inean velocitj is, therefore, =f)— >)^f) + -. 
This is also proved bj the experiments of Dv 

BUAT. 

290. Suppose that a river having a rectangular 
bed, is increased by the junction of another river 
equal to itself, the declivity remaining the same j 
required the increase of depth and velocity. 

Let the breadth of the river = ft,, the depth, before 
the junction, J, and after it, x\ and, in like man- 
ner, V and xf the mean velocities before and 

hi ^ 

after; then = — ?r-, is the radius before, and 

hx ^. J. A - • 307 R'^ 

r — s— the radius after, so © =. . — , sup- 

i + 2* gi ^ 

posing the breadth of the river to be such, 
that we may reject the small quantity sub- 
tracted from R, in § 287.; and, in like man- 

ner, t?' =zHL£L. Then, substituting for R 
and R', we have 



n2 
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307 /■ bd^ J 



^'=-T ^\/rf^l > Multiplying these 

g t ^ .0 -jr i'-x 

into the areas of the sections b d and bxy we have 

^, J. u • 1^ 307 hdfJhd \ 

the discharges, viz. 6at;i= — ^ x — ^ ; and 

S' VST2cr 

* * d' = — 7 X ■ ■ J^ • Now the last of these 

s* yb+2x 

is double of the former ; therefore *^V** 
_ ^bd\/b d x^ 4di 

* — 4^: 2d * ~ 6T2d' * ^ equation which 
can always be resolved by Cardajt's rule. 

As to exam^e, let & = 10 ffeet, «id d=l, then 

2 10 

«3 — g X = ^^-^, end «=:L4882, Which is the 

depth of the increased river. Henee we have 
1.488 xv' = 2v, and 1.488: g ::v: t?', or » ;©' : : 37 
to 50 nearly. 

Wfreit 
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When the water in a rivel* receives a permanent in- 
crease, the depth and the velocity, as in the ex- 
ample above, are the first things that are augment- 
ed. The increase of the velocity increases the ac- 
tion on the sides and bottom, in consequence of 
which the width is augmented, and sometimes also, 
but more rarely, the depth. The velocity is thus 
diminisheci, till the tenacity of the soil, or the 
hardness of the rock, afford a sufficient resistance 
to the force of the water. The bed of the river 
. then changes only by insensible degrees, and, in 
the ordinary language of Hydraulics, is said to be 
permanent, though in strictness this epithet is not 
applicable to the course of any river. 

291. When the sections of a xiver vary, the 
quantity of water remaimng the eame, the mean 
velocities are inversely as the areas of the sec- 
tions. 

This must happen, in order to preswve the same 

niiATititv of diflcharorp. 



quantity of discharge, 



N 3 Sect. 
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Sect. III. 



PERCUSSION AND RESISTANCE OF FLUIDS* 



292. If the sections of two streams be the same^ 
the forces with which they strike on planes direct- 
ly opposed to them, are as the squares of their ve- 
locities. 

For the force of a stream mint be as the force of eacli 
particle, and as the number of particles that strike 
hi a given time. Now, the force of each particle is 
as the velocity of the fluid, and the number of 
particles that strike in a given time, the section he* 
ing given, is also as that velocity. Therefore the 
whole force of the stream must be as the square of 
its velocity. 

Hence if t? be the velocity of any stream, a^ the area 
of the section, f the force, and m a constant co- 
efficient, to be determined by experiment^ 
f=zma^v'^; or if A be the height belonging to the 
velocity ©, so that 2gh=:v\ f= 2ma^g h. The 
quantity* a g* A denotes the weight of the column, 
of which the base is a^, and the height A. 

The constant quantity m is found to be different, ac- 
cording to the manner in which the fluid is recei- 
ved 
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ved by the plane on which it strikes. When the 
plane is indefinite in extent, i»=:l, so that 
J^=z2a'^ghy or the force is double the weight of 
the column, of which the base is a^, and the alti- 
tude h. This agrees with experiment, and has also 
been demonstrated by Dan. Bbrnouilli, Comment. 
Petrop. torn. viii. p. 99., &c^ See also Encyclopedia 
- Britannicay 2d edit. Article Resistance, p. 109. 

When the plane is no greater in extent than the sec- 
tion of the stream, m = ^, aad/=: a^gh, only half 
the former colunm. 

Since, in two different streams, /:/':: a^ t?^ : a^^ f/\ 
if a* u, or the quantity of water expended in a se- 
cond, be the same in both, f:f'::v: v\ or the 
forces are as the velocities simply. 

£93. If the plane struck by the stream be itself 
in motion, the impulse is as the square of the dif- 
ference of their velocities. 

If 17 be the velocity of the stream, and c the velocity 
with which the plane retires from it, then the force 
of percussion =: m a* (t> — c) *. 

If c is opposed to V, then the force is ot a* (d + c)% 
and if » = 0, the force =ma'^c'^. The plane, 
therefore, moving against a fluid at rest, with the 
velocity c, suffers the same impulse as if the fluid 
were to move with the velocity 0, and the plane to 
remain at rest. 

N 4 Hence 
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/ 

Hence the resigtance of a fciid to a body ia motion, 
is the stone with- the percussion of a fluid moving 
with the same velocity against the body at rest. 

Though this conclusion is founded on reasonMig verj 
evident^ yet, in fact, the resistance is less than the 
percussion, the velocity being in both cases the same, 
in the proportion of 5 to 6. Don J^ait, in ^s jEaiz- 
men Maritime^ makes this difference much greater. 
This arises, no doubt, from the action of the fluid 
on the hinder part of the body moving through it, 
by whi A the resistance is in some degree -counter- 
acted. It appears, however, to be only the abso- 
lute quantities, and not the ratios of the resistan- 
ces, that are thu9 affected ; the resistanqes being as 
the squares of the velocities. 

In the reasoning on which this proposition is found- 
ed, we have supposed the only resistance to arise 
from the inertia of the particles. There is, how- 
ever, another arising from the cohesion of these 
particles, which must be proportional to the quan- 
tity of that cohesion overcome in a given time, that 
is, to the velocity aixnfij. This resistance is only 
perceived in slpw motions, and is snudi in respect 
of the other^ except in fluids of much viscidity. 
CouLouB has made experiments on this kind of re- 
sistance, Mc'tn. de Vlnstitut National^ tom. iii. 
p. 247, &c. He found the part of the resistance 
proportional to the velocity to be 17 times greater 
in oil than in water. 

^t must be remarked^ that Don 6. Juan makes the 
I'esistance lyhich ships meet with proportional near- 
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if, seuterts pioribuMy to tkar vtcbcttut mmpif. Exa* 
men Maritime^ torn. ii. ^ ld4s 165. 

294. If a stream strike obliquely on a plane^Jt^ 
force is less than if it struck directly on the same 
plane, in the ratio of the square of the sine of the 
obliquity to the square of the radius. 

If the Brea struck be u\ v the velocity of the fluid, 
and i the inclination or the angle which the phtne 
makes widi t^ 4i]i%oii(m cf the streafm, die force 



ix' sin V' 



9g 

This conclusion is not confirmed by experif nee, except 
when the ^ngle i is so great, as to be between 60''' and 
90^ BossuT, Hyd. vol. i. §875. It appears^ fromex^ 
periment, that the resistance to oblique planesconsistf 
of two parts, one of which is proportional to the 
square of the sine of t, and the other to a certain 
power (3.i) of the angle i itself. Bossut found, 
that if a pr^w^ in the form of a wedge, be drawn 
through a fluid, and if the complement of the angle 
which either face makes with the direction of the 
stream be called Xy and if the resistance to the base 
of the wedge be 10000, the resistance to the wedge 



itself will be 10000 x cos a?^ -j- 3.163 x 



m 



3i 



BossuT, Hydrod. torn. ii. § 1019, & 1022. 

This formula, however, is to be considered only as an 
approximation to the truth. It is entirely empirU 

calf 
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€€lf and does not eren agree with the experiments 
from which it is deduced^ wh^ x is a Tery acute 
angle. 

295. Supposing the resistance to oblique sur- 
faces to vary, as the square of the sine of the incli- 
nation, the resistance to a sphere is half the resist- 
ance that would be made to the circumscribed cy- 
linder moving in the direction of its axis. 

Newtoni Prin* Maih. lib. ii. prop. 34. 

This proposition cannot be expected to hold accurate- 
ly, as it is derived from a principle that is acknow- 
ledged to be erroneous. The propositions concern- 
ing the solid of least resistance, are faulty for the 
same reason. In general, though the theory of the 
perpendicular percussion and resistance of the dense 
fluids, agrees sufficiently with experiment for all 
practical purposes, that of their oblique percussion 
and resistance, as it stands at present, is not to be 
relied on. The experiments relative to percussion 
are more agreeable to theory than those that con- 
cern resistance. Vince has found by ex}>eriment, 
that the force of the percussion of a fluid on an 
oblique plane, varies nearly as the sine of the incli- 
nation of the plane ; but their resistance to a plane 
moving in a fluid, is not subject to any law that ad- 
mits of a simple expression. Encyc. Britan. 3d 
edit. Article Hydrodynamtcsy p. 763. 



Sect. 
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SECT. IV, 

UXDULATIOIf OF FLUIDS, OR THE FORMATION OF 
WAVES. 



296. \t HEN the surface of water is unequally 
pressed on, in parts contiguous to one another, the 
columns most pressed on are shortened, and sink 
beneath the natural level of the surface, while 
those that are least pressed on are lengthened, and 
rise above that level. 

As soon as the former columns have sunk to a 
certain depth, and the latter have risen to a certain 
height, their motions are reversed, and continue 
so, till the columns that were at first most depres- 
sed have become most elevated, and those that 
were most elevated, have become most depress- 
ed. 

The alternate elevations and depressions thus produ« 
ced,. are called wdves. 

1 be water in the formation of waves has a vibratory 
or reciprocating motion, both^in a horizontal and 
a vertical direction, by which it passes from the 
columns that are shortened to those that are length- 
ened* 
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ened, and returns again in the opposite direetioir. 
Progressive motion is not necessary to undula- 
tion. 

297. The vibrations of water in the form of 
waves, may be compmitd to the reciprocations of 
the same fluid in a syphon or bent tube ; and it 
was from this that Newton deduced the velocity 
of waves, and the time required to an undula- 
tion* 

The time of an undulation. Is the time from the ware 
being highest, at any point, to its being highest at 
that point again. The velocity of the wave is the 
rate at whtch the points of greatest elevation or de- 
pression seem to change their places. 

f 98« If a be the altitude of a wave, b half the 
breadth, «r the circumference of "the cirde, of 
which the diameter is 1, the time of an undula- 

. AT i ^ 

tion is - (a ^ ft) , and the space which the wave 
appears to pass over in a second, is 



ia + bji^ 



Examen Maritimey vol. i. § 816. 



In these theorems, 8 is put for k/ig^ ±» «?hidi it is 
nearly «^(ual« 

If 
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If a be neglected, the velocity of the wave becomes 

— ^^ — , which is the velocity as determined by 

Newton, Prindpiaf lib. ii. prop. 46. See also Bos- ' 
8UT, Hydrod. torn. i. §312. 

299. While the depth of the water is sufficient 
to allow the oscillation to proceed undisturbed, 
the waves have no progressive motion, and are 
kept, each in its place, by the action of the waves 
that surroi^ it* But if hf n rock rrstng aeaf t&, 
the surface, or by the shelving of tYm shcHre, th© 
oscilktion i« preven^ted^ oar mitdi retla-ded^ the' 
waves in the deep water are not bfifcbopced by those 
in the shallower, md therefore acjqulre a progres.- 
^ve motion in this la^ direction, and form btfcak-- 
ers* Heoce it is, that wave^ always break aga^mt 
the shore whatever be the direction oS the 
wind. 

JSretih^ai tanhei oirm' a greol} exttttt 9£ skooTQ, ore di- 
stinguished by the hftme of Surf, The Auf is 
greatest in those parts of the earth where the wind 
blows always nearly in the same direction. 



S-ECT. 
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Sect. V. 



HTDRAULIC ENGINES. 



Engines nuroed by the impulse ofWatef. 

SOO. \t hen a wheel is put in motion bj z 
stream of water striking against a float-board, the 
action of the water diminishes, as the velocity of 
the wheel increases, till at last the momentum of 
the water, or of the accelerating force, is just 
equal to the momentum of the resistance, or of the 
retarding force. The moticm of the wheel then 
becomes uniform. 

Milb with undershot wheels, or such as receire the 
impulse of the water at right angles to thebr radii, 
are machines of this kind. 

301. A machine driven by the impulse of a 
stream, produced the greatest effect, or does the 
most work in a given time, when the wheel 
moves with one-third of the velocity of the wa* 
ter. 

This theorem was first given by Parbnt, Mem. it 
rjcad. de9 Sciences^ 1704. See also Maclaurim^s 

Fluxions, 
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Flmi&HSy § 907. EcLER, Nw. Cam. Pet. torn, viii, 
p. 230. BossuT, Hydrad. torn. i. § SQO. 

If c be the relocitj of the stream, v that of the fiodk 
board, a^ the section of the stream, or the area of the 
part struck, the impulse of the stream, by § 293. 
=sma^ {( — v)\ and the effect or quantity of work 
done, in a given time, will be ma^ (c — vyvy 

which is a nummum when 9 sr £ . 



The quantity »ia*(c — ©)% or the mxyring force be- 

4 
9 



4 
comes, in this case, ma}x^e\ which, if m be de- 



4 c^ 8 

tennined as in § 292.> is = 5 a* x 5—, =: - a* A^ 

y zg 9 

h being the- height from which the water falla 
to acquire the velocity c. The load of the 
machine, that it may work to the gteatest advan-^ 

tagiei, should be - of that which is sufficient to pre- 

rent its motion. 

8 1 

The- effect, when, a miaimum, is 5«**Xq ^^ 

— — •, that is, eight twenty-sevenths of the water 
expended, 

If 
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lo diffapettt Mb oTwatar, thai aicC oa wlndu ikoving 
with » vdocity in a girm n^o- to that of tke water, 
if the expenditure be the same, the forces wjU be 
as the Terocities simply, (§ 292.), and tie effects 
of the machines driven by them as the squares of 
the velocities. 

If the sevtions of two str^m^ are* tb» sMi^y their 
forces will be. as the squares of their velocities, 
or as the heights due to the velocity of tlie water, 
(§ 293.), and the effects of the machines driven by 
ilwm, will be aa the cubea^of ther ttloAie^ or as 
the heights due to those velocities multiplied into 
tjheir sqsare roots. 

These conclusions, all except the first, are remarka* 
bly verified by the experiments of Mr Smeaton. 
He found, that an undershot-wheel, when working 
to the greatest advantage, had a velocity which vari- 
ed from one-third to one-half the velocity of the 
stream ; and wels, in great machines, nearer to the 
latter of these limits than the former. Also, that 
the moving power was nearly the whole column of 
water striking on the wheel ; and we have shewn 
that it is eight-ninths of it. 

When the undershot-wheel workedto the greatest ad- 
vantage, its effect was about one-third of the wa-' 

ter expended ; we have found it to be j^ . 

Mr Smeaton also found, that the expeiice of iTater 
being the same, the effect is as the effective head,- 
or the squiare of the velocity. And^ lastly, that 

when 
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wlien the section of the water is the same^ the ef- 
fect is as the cube of the velocitj, both which we 
have deduced above. By a mistake, for which it is 
diflScult to account, Smeaton supposed both these 
conclusions to be inconsistent with the theorj of 
the percussion of fluids. 



Machines mooed by the tFeighi of Waters 

302, When a wheel receives the water into buc-* 
kets, at or near the highest point, it is put in mo- 
tion by the weight of the water with which it is 
loaded oh one side, and it is then called aa overshot 
wheel. 

30^. Ail overshot wheel arrives at a state of 
iiniform motion, when the momentum of the wa« 
ter in the buckets is equal to the momentum of the 
resistance. 

The cotistructidh Of the machine slrould be such^ that 
when tiie motion of the wheel becomes uniform, 
the buckets may contain all the water of the 
stream, and may carry it down as low as possijblof 
before they allow it to escape altogether, 

304. If* the section of that part of the wheel to 
Which the buckets are fixed be called c\ and the 
perpendicular depth of the ptoint where the^^ater 

leave* 
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Imtw the wbotl, below that whett it eabtrB, be 
celled jDy the moring force h a column of water 
equal to c*p ; and as this force atts by a lever ir r, 
its moinentum 5= c*^ r. 

S05. If A be the quantity of water issuing in a 
second, and h the height corresponding to the Te- 
locity of the circumference of the wheel, the ef- 
fect of the machine, (supposing the wheel to re- 
ceive the water, at or very near its highest point), 
is proportional to A (S r — A). 

Alb. Euler, Enodatio (iiutstionis qwmodo vis Apup 
ad Molds circumagendas cum maxtmo lucro impmdi 
possitj 4to, Gottingen, 1754. Bossut, Hydrod. 
§ 415, &c. 

It is evident, that the effect will be the greater tbe 
less h is, or the less the velocity of the wheel; and 
as that velocity may be diminished indefinitely, 
8'r A is a limit to which the effect may approach 
nearer than any 'given quantity. 

The power of the oven(hot*wheel il 9reatar» orlertr 
paribrnj than that of ijn^ unAmkoi, neariy m the 
»itM>Qf27t9a. 

The maxim, however, that overshot wheels are the 
more powerful the slower they move, is found in 
practice to be subject to some limitations. 

Vt Smbaton^s experiments led.hiin to ec^dude^ that 
wenbot wkeeb i» nm% work when their circum* 

ferenc«r 
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ttf&ict^ mote at the rate of 3 ibet in a lecond, and 
that when thej move considerablj slower than thu^ 
they become unsteady and irregular in their mo- 
tion. This determination is also to be understood 
with some latitude. He mention? a wheel 34 feet 
in diameter, that seemed to produce nearly its full 
effect though the circumference moved at the rate 
of 6 feet in a second ; and another of the diameter 
of 33 feet, of which the circumference had only a 
velocity of 2 feet in a second, without any con»de* 
rable loss of power. The first wheel turned round 
in IS^^'.ei the latter in 5V.9. 

Smeaton, Exptrimtntal Inquiry concerning the Natural 
Powers of Water and Wind to turn Mills, &c. PhU. 
Trans, vol. li. (1759,) p. 100, &c. See particu- 
larly p. 133, 134. JPr Brewster's Notes on Fer- 
busoN^s Mechanics, 



Machines mcyotd by the Re-^action offVater. 

306. Some machines are movcd^ not directly hf 
the impulse of a stream of water^ but indirectly, 
by the relief from pressure which the motion of 
the stream occasions. 

The machine known by the name of Barker's Mill 
is of this kind. Let ABGH, (fig. 23.), be a hoHow 
cylinder, moveable about a vertical a;sis CD, and 
having tijte horizontal boxes £B, EG communica- 
ting with it, 80 that the whole may be filled with 
o 2 water 
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water from the top. The boxes have each an open- 
ing in the sid^s^ opposite to one another^ through 
which the water issues. 

When these apertures are shut, and the whole filled 
with water, it remains in equiltbno; but if the 
apertures are opened, the columns having these 
apertures for their bases, and the depth of the wa- 
ter for their altitudes, will cease to press on the 
sides ; and therefore the whole pressure on the sides 
where there are no perforations, will be greater 
than on the sides where the perforatious are, by the 
sum of these two columns. 

A moving force, therefore, equal to the pressure of 
these two columns, will impel the machine in a di- 
rection opposite to that in which the water issues, 
and in that direction the machine will begin to 
move. 

S07» The moving force in this instance becomes 
greater, after the machine has begun to move ; for 
the water in the horizontal boxes acquires a cen- 
trifugal force, by which its pressure against the 
sides is increased. When the machine works to 
the greatest advantage, the centre of the perfora- 

tions should move with the velocity -^t^hgt 

where r is the radius of the horizontal arm, mea- 
sured from the axis of motion to the centre of the 
perforation, and f the radius of the perpendicular 

tube. 
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tube, g being put for the force of gravity, or 32.^ 
feet. 

As 2 9r r is the circumference described by the centre 

of each perforation, . : is the time of a revolu* 

Nhg 

tion in seconds. 



The quantity -^sjhgis also the velocity of the eflSu- 

ent water ; therefore, when the machine is working 
to the greatest advantage, thfe velocity with which 
water issues is equal to that with which it is car* 
ried horizontally in an opposite direction ; so that> 
on coming out, it falls perpendicularly down. 

The effect of this machine is equal to A A, or the mo« 
mentum of the water expended ; so that it could, if 
there were no force lost by friction, raise up the 
whole of the water to the height from which it fell, 
and in an equal time. It is, therefore, in theory, 
the most advantageous application of water that is 
known ; but, on account (rf the friction, which must 
be great, as the whole body of the water has to 
turn on the axis CD, (fig. 23.), it will probably be 
found in practice, that the overshot wheel is, in ma* 
ny cases, preferable. In the construction of this 
machine for practical purposes, the water is made 
to flow in pipes along a conical surface, diverging 
downwards, and is discharged through several aper* 
tures, 

o3 On 
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On the construction of this naachinCi see Euler, Mim. 
de rAcad. de Berlin, torn. vi. 17S0, p. 311. ; and^ 
agaip, torn. vii. p« S71. Alb. Euler, Enodatio^ 
&c. § 64. B0B8UT9 ffydted. torn. i. § 494. Briiw-, 
fiTER^s Notes on Fb^guspn'^s Lecturesj^ vol. 11. p. 20S, 



AEROSTATICS. 
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Ut i \M nwiii f. 



Sect. I. 



OF HEAT, 



Iir ire&ting ^f A^rifdrm FluWtf, W6 begin with th« 
Uonrideratieft of Heat, which, though it affect all 
tMUftM fittbsfancesy acts more remarkably oil elas- 
tic fluids than on other bodies; We shdll treat of 
heat as affecting the Bulk, the Fluidityt and the 
Elasticity of bodies. 

308. Heat or caloric may be regarded as a 
sDbstance that penetrates and expands all bodies, 
and that produces in us the sensations of heat 
and cold. 

. Though we conceive heat to be a substance^ it is never 
found in an independent state^ or existing otherwist 
Jiian as a property of body « 

o4 S09.A$ 
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sop. As heat is known to us principally by it» 
power of expanding bodies, we may take the ex- 
pansion of some known substance as a measure of 
the variations of heat. 

7he substance selected for measuring heat is Merctu 
ry ; and the Thermometer is an instrument indica^ 
ting the variations of bulk to which we conceive 
the variations of ]ieat to be proportional* 

It has been found, that the variation of the bulk of 
mercury, from being inimorsed in freezing, and in 
boiling water, bears always the same proportion tq 
the whole bulk ; and, therefore, that variation, di^ 
yided into a certain number of parts, may be takei| 
as a scale of the degrees of heat. 

In Fahrenheit's thermpmeteF| the interval above na^ 
med is divided into 180^, and numbered at the 
lower end 329j and at the upper end 218e« In the 
Centigrade Thermqmet^, the abov^ interval is di* 
vided into 10(>>. 

The word temperature is used to denote the heat indi^ 
cated by any degree of the thermometer. 

510. AH bodies, whethey solid or fluid, are ex* 
panded by heat ; but not all \n ^he same pfopor- 



Digitized by VjOOQ IC 



AEROSTATICS. 



217 



jSxpannm of different Bodies for 180° of Fabrenheit, 
viz. from 32° to 212°. 



In Bulk. 


In LsiraTH. 


Gold^ 


.0048 = ^ 


.0014 =-i. 
714 


Platina, 


'^ = ^ 


.00086 = _l_ 
1165 


Silver, r 


•"«=iJo 


.003 = JL 
460 


Copper, f 


•«»' = m 


•"»" = ^ 


Brass, i- 


•«»« = m 


.«0.« = ^ 


Zinc, r 


"^--m 


.0031 - * 
322 


Mercury, .. 


•" =W 


.0066 = J- 
160 


Water, 


•»«»=«4 


.0.55 = 4 


Salt waters. 


--i 


.0166 = JL 
60 


Alcohol, 


.01 =J. 

100 


"^ =m 


All gases, or per-' 
manently ela- 
stic fluids, 


;^«=css 


•■'^ = m 



$ee Dai.ton'8 iV«w ^j^^m of Chemical PhUotophjf, 
ypi. ii p« 4?*» 



311. At 



Digitized by VjOOQ IC 



S19 OUTUKES or tfATURAI. PHILOSOPHY. 

SI 1. At the heat of — 40® mercury freezes, and at 
€(Kf it boils, and is ill both cases useless as a mea- 
sure of heat. For measuring great cold, a ther- 
mometer of alcohol or spirit of wine is employed ; 
for measuring great heat, the expansion of ^ solid 
is u^ed, and the instrument is called a Pyrome^ 
ter. 

Th0 best pyrometer hitherto in use, is that invented 
by Mr Wbdowood, consisting of a small cylinder 
of Cornish clay, which contracts continually by 
heat. The strale of this instrument begins at a 
red heat, of such intensity as to be visible in 
day-light, which, on Fahrenheit's scale, could 
it be continued so far, would be marked by 1077^. 
From this it ascends, (by degrees that are each of 
them equal to about 130^ of Fahrenheit,) as far 
as 240', or 32277' of Fahreitheit, which is its ut- 
most limit; 28 ' marking the melting heat of silver, 
32' of gold, 125' the greatest heat of a glass-house 
furnace, and 150^ the temperature at which pig-iron 
melts. 

31 J. The fact that all bodies expand by heat, 
admits also of another exception. Water is naost 
dense at a temperature between 57* and SSf^j and 
}ts specific gravity diminishes both by^the addition 
^nd subtraction of heat. ; 

When water is converted into ice a new arrangement 
takes place, and the specific gravity is considerably 
diminished* 

313. If 
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S13« Heat diffuses itself on all sides^ and passest 
continually from bodies in which the temperature 
is greater, to those in which it is less ; aod if a bo- 
dy be placed in a medium of a temperature differ- 
ent from its own, the momentary "variations of its 
temperature will be as the differences between the 
temperature of the body and of the medium j so 
that if the times, reckoned from any instant, be 
•taken in arithmetical progression, the variations 
of temperature in the body, and also the differ- 
ences between its heat and the heat of the medium, 
will decrease in geometrical progression. 

This law of thfe heating and cooling of bodies, was 
first taken notice of by Newton, Scala Graduum 
Caloris, Phil. Trans. (1701,) N^ 270. It was af- 
terwards proved by the experiments of Professoih 
BicHMAN of St Petersburg. Novi CommenU Pe^i 
trap. torn. i. (1747, 1748,) pi 174., &c. 

It follows from it, that if D be the difference betweeii 
the temperature of the medium, and of the body 

placed in it, and if —be the heat lost in one second) 
fhen, at the end of 1% 2^, 3^^ &c. the heats are 

l)(i-.i), i>(i-i)\ »(»-^)^ S'*- »4 

the decrements of heat in each second — « 
,- (1 — ^ , - (1 — -J , &c, J aad, tlierefore, iff 

fef 
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be the time in seconds, reckoned from the moment 
when the difference of the temperatures was D ; 
and tf A be the rem wiing difference of temperature 

at the end of ^e time ty we have D (1 — - ^ = a, 

ft 

and t-T log'P-fog'^ 

log.n — log. (»— 1) 

If this law is rigorously observed, no body can ever 
perfectly acquire the temperature of the medium in 
which it is placed^ and this may be the fact, speak-r 
ing with mathematical exactness, though the dif- 
ference of the two temperatures may soon become 
so small av to escape observation. In respect of us^ 
the bodies are then of the same temperature* 

814. The diffusion of heat through a ^uid, is 
promoted by a hydrostatical principle, the heat 
rarifying the fluid, and so producing a motion and 
mixture of parts, by which the heat is communi- 
cated more rapidly through the whole^ than it 
could be through a mass of which the parts were 
immovable in respect of one another. 

The communication of heat in this way, is so rapid, 
that it renders the ordinary slow process of acqui* 
ring and losing heat by contact almost impercep* 
tible, and has given rise to the error, that heat has 
no tendency to pass through fluids, except in cou:* 

. se(][uen(;e of the mixture of their parts. 

315. Heat 



Digitized by VjOOQ IC 



AEROSTATICS. *21 

315. Heat escapes from bodies that are heated 
above a certain temperature, by radiation, or by 
passing in straight lines through the air with great 
rapidity. 

The heat thus emitted from bodies, is reflected from 
the surfaces of metallic specula, like the rajs of 
light. 

A body heated, though not so as to shine, and placed 
before a concave speculum of metal, communicates 
heat instantaneously to a thermometer in the cor- 
responding focus. A cold body does the same; 
and it is remarkable, that an effect so difficult to be 
explained, is, nevertheless, perfectly consistent with 
the law of continuity. The experiment of the re- 
flection of cold was first made by M. Pictet ci 
Geneva. Es$ai sur le Feu, par M. A. Pictet, 
§ 69. 

Radiant heat from a luminous body, is refrac- 
ted as well as reflected ; the rays from a candle 
or a fire produce heat in the focus of a leng. 
It does not appear that the same happens in the 
ease of obscure heat, except when it comes from 
the sun, which, according to the experiments of Dr 
Herschel, is concentrated in the focus of a lens. 
Phil. Trans. 1803, p. 298, 304. 

Dr Herschel, in a series of very interesting experi- 
ments, separated the caloric from the light of the 
sun's rays, and shewed that the focus of the former 
was not the same with that of the latter. *PAt7. 
Trans, ibid. 

Sl6. The 
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316. The heat propagated by radiation from 
different bodies, varies with the nature of their 
external surfaces, the quantity that flows in a gi- 
ven time from a body with a polished surface^ 
being much less than wou}d flow from the same 
body with a rough surface. 

This was discovered by Professor Leslie, and proved 
by a variety of curious experiments. ExptrtTiuntal 
Inquiry tiUo tke N^jure and Propagation ofHeat^ 
p. 17,&c. 

When the fluid contained iki a vessel, is intended to 
retain its heat long, the vessel should be of metal^ 
and its surface smooth and bright 

If the fluid is required to cool as fiut as possible, the 
sqrfaee should be rough) covered with paper, char^ 
coal, &c» Dalton's New System of Chtmicoi Pht»- 
losophy^ Pairt i. p. 116. 

317* If two pc»rtions of the same fluid, of which 
the masses are M and M\ and the temperatures 
i and $^j be mixed together, the temperature of the 

mixture will be ■ M^ ' M^ " • 

This formula is investigated, on the suppoaiti(»i that 
no part of the heat is lost by the mixture. 

On making the experiment, the results are not found 
to agree exactly with those deduced from tbe for- 
mula. The expansions of mercury^ therefore^ do 

not 
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urt appear to obseire the same law wlft the raria-' ' 
tiohs of temperature; and it is fottnd, that, for 
equal rmatlons of temperature, the variations of 
the bulk of the mercury constitute a series, of 
which the differences . are in arithmetical progres- 
sion, or in which the second differences are coa-^ 
stant. Hence the relation between the temperature 
and the expansion of mercury, may be expressed 
by a quadratic equation, or by the abscissae and 
co'diiiates of a line of the second order. 

318. If D be any number of degrees, reckoned 
from the freezing point of water in Fahrenheit'^ 
thermometer, the real temperature corresponding 

to D is 207 (— 1 W^ + 1 ) . 

This formula is derived from Dalton^s experimentsi^ 
See his System of Chemical Philosophy j Part t 
p. 14. 

Jf D = — 7?, which is known to mark the de- 
gree according to FMiaEVHEiT^s thermometer, at 
which mercury congeals; the temperature, as de-^ 
duce4 fr9iu tUs rule, is *-<- 207 j which, th^refore^ 
is the real distance between the freezing of i^ercu- 
ry and the freezing of water. Hence the de- 
grees on the mercurial thermometer, reckoned frorat 
the degree which marks the congelation of mer- 
cury, are as the squares of the real temperatures^ 
reckoned frrai the same point of congelation. 

Th# 
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The correction of the mercurial thermometer^ arising 
from this law, has not jet been enq^loyed; but thtf 
reality of it seems to be suffidentljr established. 



dl9. When fluids of diflferent kinds, and of dif- 
ferent temperatures, are mixed, as above, the tem- 
perature of the mixture is very far from corre- 
sponding with the theorem in article 317, in 
so much as to make it certain, that equal bodies, 
for equal differences of temperature, do not con- 
tain equal quantities of heat. Beside the masses 
M and M', therefore, we must introduce two in- 
determinate co-efficients c and c', before the for* 
mulas can be applied ; we have then 

for the temperature of the mixture* 

In this formula, e and cf are the numbers that denoted 
the differences of heat contained in two equal por-* 
tions of these fluids, fdr equal differences of tempe<r 
rature. They maj be said to denote the capacities 
of the bodies for heat ; and their values mtist be 
determined by expmment. 

320. When equal weights of water and ice arcr 
put into the same vessel, the water being at the 
temperature I76'', and the ice at 32°, the ice is in- 
stantly 
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stantly melted, and the temperatnre of the whole 
is found to be exactly 32**. 

In this experiment, 140 degrees of heat have en- 
tu^ely disappeared; and the same happens what- 
ever be the temperature of the water. Dr Black 
was the first who made this experiment; and as 
be found that the heat which bad thus ceased to 
affect the thermometer, was not lost, but became 
sensible again on the congelation of the water, 
he said that it had become latentj — ^a term well 
adapted to express the fact, without any allusion to 
theory. 

S21. From the combination of this experiment 
with the formula in the last article, the beginning 
of the scale of heat, or the point to which the mer- 
cury in the thermometer would sink, if it were to 
lose all its heat, may be determined ; and it will be 
found, that if c is the capacity of water for heat, 
6-' of ice, and x the number of degrees that the be- 
ginning of the scale of heat is below the beginning 

of Fahrenheit s, a;zz . 

c — c" 

For, according to this notation, the total heat in 
ice, of the temperature 32^, is c' (32 + x) ; and 
the heat in water of the temperature ITS'", is 
c(176h-»); therefore the total heat, when they 
are mixed, and the whole reduced to water, is 
2 c (32 -f op). This last expression must be equal 
p to 
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to the sum of the two formeti or 

32c' + 112c = cx — (f x^ an4 
_32c' + 112c 



If e be to c' as 10 to 9, which appears, from ex^ 
periment, to be true, « = 888 + 1120 rr 1408; this, 
therefore, is the distance of the ^tro of temperature 
from the zero of Faursnhbit, and its distance be- 
low the freezing of water, is^ therefore, 1440'^. 

In this investigation, it is supposed, that, however low 
the ice is cooled, c^ remains of the same value. 



S22. When water is put in a vessel on the firp, 
it continually receives heat, and its tempcratqre 
increasies, till, at a certain point, thp water boils, 
and rises in the form of vapour, after which the 
temperature of the water increases qo farther, as 
much heat being carried off every instant by the 
vapour, as is received from the fire. 

The temperature which water then attains, as was 
before remarked, is nearly constant, and is the 
same in all cases, except in as far as it is afTec* 
ted by the pressure of the atmosphere, in the man- 
ner about to be explained. The vapour thus formal 
ed, is an invisible elastic fluid, of a temperature not 
less than 212 degrees. A great quantity of heat 
passes into the latent state, when vapour or steam 
is generated. This was also discovered by Dr 



323. Ol^ 
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S2S. On the different a uantities of heat, there* 
fore, united to the substance that we call water^ 
depends its 'existence in the state of a solid, a li- 
quid, or , an elastic fluid. In passing through 
these states in the order just mentioned, a great 
increase of temperature is not only necessary, but 
a great quantity of heat must be absorbed, or, from 
being sensible, must become latent. 

This is true not only of water, but of mercury, oil, 
and probably of all unelastic fluids. It perhaps 
holds of all bodies that are melted by heat, and it 
may be true even of those fluids that, like air, ap» 
pear tQ h^ permanently elastic* 

324. Since heat is absorbed when a solid passe' 
into a liquid state, whatever produces liquefac- 
tion produces a diminution of sensible heat ; and 
this, in the case of what are called Freezing Mix- 
tures, can be eniployed to produce a cold of — 90*. 
So, also, cold is produced by evaporation, or the 
conversion of an incompressible into an elastic 
fluid. 

325. Water boils with less heat, when the 
weight of the air diminishes, and, conversely, re- 
quires a greater heat to make it boil, when the 
pressure of the air is increased. 

f8L Oo 
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On going to the top of a high mountain, where the 
weight of the air is diminished by one^toithy the 
l>oiling point of water is somewhat less than 207*^. 
So, on going into a deep mine, where the weight of 
the air is increased by one-thirtieth, the boiling 
point of water is nearly 214°. 

If, by means of the air-pump, the pressure of the air 
be reduced to one half, water will boil nearly at the 
^mperature of 180o. 

826. The elasticity of the steam generated from 
M^ater, is measured by the weight that compresses 
it ; that is, by the weight of the atmosphiere pres- 
sing on the surface of water ; and the relation be- 
tween this force and the heat required to produce 
the steam, is expressed by the following exponen- 
tial equation, where x is the heat measured from 
the ordinary boiling point, or 212©, and/* is the 
force of compression rtieasured in inches of mer-? 
^ury, 

This formula is deduced from Dai^ton^s Experiments^ 
' Manchester Memoirs j vol. v. p. 555., &c. and nearlj 
coincides with the method which he used for inter- 
polating between the numbers determined by obserr 
vation : x is positive when the heat is greater thaa 
9m^i negative when less, 

For 



- Digitized by VjOOQ IC 



AEROSTATICS. SS9 

For the purpose of calculation. It is best to take the ' 
logarithm of the above expression; it is then 

log/= 16g 30 + i| log (1.250 - .016 X *£j . 

Hence, when x is kyown, f may be found, which 
measures both the compression on the surface of 
the water, and the elastic force of the steam. The 
m^an weight of the atmosphere is here understood 
to be equal to 30 inches of mercury, the mean 
height of the barometer at the level of the sea. In 
the construction of thermometers, care should be 
taken to mark the boiling point, or 212, only when 
the barometer stands at 30 inches. 

The above formula will serve to calculate the amount 
of the corrections to be made, when the baro- 
meter stands at any other height. The same may 
be determined from Mr Dalton'*s Table, ubt supra^ 
p. 561., or simply, as the variations are but small, 
by allowing at the rate of 1^ for six-tenths of an 
inch in the height of the bairometer. 

327. It appears, from the experiments of Mr 
Balton, that the above formula applies to the 
steam produced from all liquids ; providing x be 
reckoned from the ordinary boiling point of the li- 
quid, or that at which it boils when the barometer 
stands at SO inches, - 

Manchester Memoirs y vol. v. p. 564. Mujrray^s Che 
mUtryy vol. t. p. 234. 

p S S28. In 
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SS8. In pennanendy dasdc fluids, the law that 
connects the temperature, and the elasticitj, n 
simpler than in the preceding instances ; for when 
the temperature increases in arithmetical, the ela • 
sticitj increases in geometrical progression, and 
the difference between the temperature of freez- 
ing water and of boiling, increases the elasticity 
and the bulk of such fluids from 1 to 1.37& 

It, therefore, fhe elasticity of siich a fluid, at any 
temperature, be caUed 1, and if the number of de- 
grees above that lenqMratore be «, and / the elas^ 

tic forcc,/= (1.376) 180. 

In logarithms, log/=|^ x log (1.376). 

Dai«ton'*s New System of Chemcal Philosophy ^ part i.- 
p. 44. 

"Wlien the Tarialions of heat are small, or not exceeit 
ing the ordinary vicissitudes of heat and cold in the 
atmosphere, the variations of elasticity may be sup- 
posed proportional to them.- It is usual to suppose, 
that for a degree of FAHasUHKiT, the elasticity is in-^ 
creased or diminished by «00243 of the whole^ or by 

1 
411.6 ' 

In this estimation of the elastic force of fluids, tbe^ 
thing actually measured is the expansion prodnce<^ 
by the heat, while the cotnpressing force remains- 
the same. The force that would be required to* 

redacsr 
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Ireduce the fluid into its fornier clim^tisioiisj tti^ 
temperature being the same, is the direct measure 
bf the increase of elasticity.. On the supposition, 
however, that when the temperature is given, thd 
elasticity is inversely as the space which the fluidl 
occupies, the absolute increase of the elasticity^ 
produced by an iiicrease of temperature, is propor^ 
tional to the expansion. This supposition will be 
shewn to hold of air and other elastic fluids. 

329. The law by which the elasticity and the 
expansion of aeriform fluids are regulated, is dif- 
ferent from the law by which the elasticity and 
expansioil of vapour are regulated, while the lat- 
ter remains in contact with the liquid from which 
it is generated ; but when the communication be- 
tween them is cut oflT, the expansion by heat^ 
and the increase of elasticity in the two kinds 
of fluids, follow the same law. . The expansion i$ 
at the rate of 1.S76 to 1, for 180 degrees of Fah- 
liENHBiT ; and for any other temperature s, is 

JL ^ 

(i.376)'^, or = (1.376)*^ X (1.376)', that is, 

= (i.0018) (1.376)^. 

l^his has b^en found by the experiments of Gay Ltr^ 



330. Heat is mechanically produced by Pcrcus- 
fticm and Friction. 

^4 Thk 
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This holds both of solids and of fluids. A nail can 
be made red hot hj hammering, and fire may be 
produced by the friction of one piece of timber 
against another. Count Rumford made water boil 
by the boring of a cannon. 

The condensation of air produces heat : tinder may 
be lighted, and gunpowder set fire to, if air ^e sud- 
denly compressed by the stroke of a piston. 

331. The greater part of the preceding facts 
may be explained on the hypothesis, that heat or 
caloric is an elastic fluid sui generis^ the particles 
of which repel one another, but are strongly at- 
tracted, though in different degrees, by the parti- 
cles of all other bodies. 

1. The introduction of this fluid into bodies, must in- 
crease their volume, and an equilibrium in this 
fluid will take place over a certain extent^ when 
the attraction of the bodies within that space, for 
the caloric contained in it, is able to balance the 
repulsion of the particles of the caloric for one ano- 
ther, and this will happen when the caloric is di- 
stributed among the bodies, in proportion to the 
forces with which they attract it Hence there 
may be an equilibrium in the caloric of bodies, or 
a sameness of temperature, though the quantities of 
caloric be very different ; and from this proceeds 
the different capacities of bodies for heat, and the , 
conversion of sensible into latent heat, or the con- 
trary, when those capacities are changed. 

2. Caloric 
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9. Caloric converts solids into liquids, hj overcoming 
their cohesion so far, that the particles attract one 
another with forces that are as ^ certain function 
of the distances, (and of the distances only,) of the 
particles from one another. This produces the 
equilibrium of the particles, or their tendency to 
obey the action of any force in any direction. The 
addition of more caloric, so as entirely to overcome 
the attraction of the particles for one another, con- 
verts the liquid into an elastic or aeriform fluid« the 
particles of which, by means of the heat with 
which they are combined, are made to repel one 
another. 

3. Heat must escape from bodies, both in consequence 
of the attraction of those bodies that have less heat, 
and the mutual repulsion of the parts of caloric. 
When the temperature of a body is raised to a cer- 
tain height, this last cause may operate without the 
former. On this account, the caloric in the air 
is impelled from the radiant body on all sides, 
and is condensed on the surfaces of the adjacent 
bodies, which, by their attraction, resist its mo* 
tion. It is probable that this is effected by undu* 
lations, propagated through the calorific fluid* 
The apparent reflection of cold may also receive a 
solution on this hypothesis. 

4. The production of heat by percussion and friction^ 
is more difficult to be explained on this hypothesis 
Hian any of the other phenomena.. If we suppose 
the temperature, or the expansion of a body, to be 
affected, not merely by the quantity of caloric con- 
tained 
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tainsd in it, but hj the state of moTemeht ot vibi^ 
tion in which the caloric exists^ (which state per- 
cussion and friction may very much determine,) 
this appearance will also admit of a solution. 



Sect. IL 

EQUILIBRIUlI OF ELASTIC FLUlbS. 



332. The fundamental theoretns detnonstt'Sited in 
the first section of Hydrostatics, are common to 
the compressible and the incompressible fluidsi 

See article 243, 344> &e* 

833. As Atmospheric Air is the best known of all 
elastic fluids^ we shall tsike it for the subject of oui" 
investigation, defining it, A heavy and elastic fluids 
Ivhich resists compression with forces that are di- 
tectly as its density, or inversely as the spaces 
Within which the same quantity of it is contain* 
td. 

1?lie accuracy of this definition is known from expi^ 

Tlrt 
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¥iicl Weight of air is known; from the Torri<:p]lian ex- 
periment, or that of the barometer^ ■, The w pres- 
ses on the orifice of the inverted tube with a force 
jiist equal to the weight of the ^oluoin of n^^reury 
sustained in it. 

A bottle, weighed when filled with air, is found heavier 
than aftef the air is extracted. The pressure of 
the atmosphere is about 14 lbs. on every square 
inch of the earth'*s surface?. Hence the total 
pressure on the convex surface of the earth 
= 10,686,000,000 hundreds of millions of pounds. 

iThe elastic force of the air is proved, by simply in-^ 
verting a vessel full of air in water : the resistance 
it offers to farther immersion, and the height to 
which the water ascends within it, in proportion as 
!t is farther immersed, are proofs of the elasti* 
dty of the air contained in it. 

tVhen air is confined in a bent tube, and loaded with 
different weights of mercury, the spaces it is com-* 
]pressed into are found to be inversely as those? 
weights. But those weights are the measures of 
the elasticity ; therefore the elasticities are inverse^ 
ly as the spaces which the aor occupies. 

Kow the densities are also inversely as those spaces ^ 
therefore the elasticity of air is directly as its den^- 
sity. This law was first proved by MariotteV 
experiments. 

In all this, the temperature is supposed to remain un- 
changed. — These properties: seem to be common 
to all elastic fluids. 

Ai^ 
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Air resists oompressioii eqnaHj in all diitetions. N« 
limit ean be assigned to the space which a giyen 
quantity of air would occupy if aU compression 
were removed. 

S34. As we ascend from the surface of the 
earth, the density of the air necessarily diminishes : 
For, each stratum of air is compressed only by the 
weight of trfose above it; the uppet strata are 
therefore less compressed, and of course less dense, 
than those below them. 

335. Supposing the san:»e tempei^ture to be dif- 
fused through the atmosphere, required the law 
by which the density and elasticity of the air di- 
minish as the height above the surface increa- 
ses. 

Let D, iy,*D", be the densities of three contiguous 
strata of air, each of a given thickness, so small, 
that the density of the air in the whole space may be 
regarded as constant Let W be the weight of 
the incumbent air presdng on the lowest of these 
strata; W that pressing on the next, and W" 
that pressing on the third, and let m be a co-effi- 
cient, such that D Zi; m W ; then, because the 
densities are as the compressions, D^ = m W', and 

Therefore D — D' = m (W — W), affd 
t>^ — D^' = TOOV'r-:W0^ 

But 
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But W — W is just equal to the wdLght of the first 
of the three strata, and W — W to that of the 
second ; therefore D — D' : D' — D'' : : D : D\ 
and multiplying extremes and means DD''= ly^ 
The density of the middle stratum, is therefore a 
mean proportional between the densities of the 

. other twOf and whatever be the number of equidis* 
tant strata, their densities are in continual propor- 

.tion. 

336. If, therefore, the heights from the surface 
be taken increasing in arithmetical progression, the 
densities of the stYata of air will decrease in geome- 
trical progression. Also since the densities are as the 
compressing forces, tha:t is, as the columns of mer- 
cury in the barometer, the heights from the sur- 
face being taken in arithmetical progression, the 
columns of mercury in the barometer at those 
Ijeights will decrease in geometrical progres- 
sion. 

As logarithms have, relatively to their numbers, the 
same property, therefore if 6 be the column of mer- 
cury in the barometer at the surface, and at any 
height h aboye the surface, taking m for a ponr 
st^it co-efficient, to be determined by e;^peri|nent9 

A =: m (logb — log 0), or A r: mlog — 

It is evident, that m may be determined by finding 
trigonometrically the value of h in any. case, 
where b and ^ have been already ascertained. Now, 

when 



Digitized by VjOOQ IC 



838 OUTLINES OF NATURAL PHILOSOPHT. 

when this u attempted in difTereht states of the at» 
mosphere, it is found that the values of m are the 
same when the mean temperature of the columns 
of air intercepted between th^ stations at which the 
observations are made, is the same ; but that the 
Talues of m are diffei^ent, when the siean tempe- 
ratures are different. It has been found, that 
when h is to be expressed in English fathoms, and 
the common tabular logarithms are employed, and 
if the mean temperature be that of freezing, 
mzz 10000, so that the difference of the tabular 
logarithms, counting the first four places integerS| 
gives the height in fathoms. 

For other temperatures, the-value of m involves the 
expansion of air for one degree of heat, which has 
been taken at .00243, or .00244, as determined by 
the experiments of General Roy and Sir Georgb 
Shuckburgh. a correction is also required for 
the temperature of the mercury itself; for that be^ 
ing rarely the same in the two barometers^ a re- 
duction is pecessary to bring them both to one temr 
perature, 

337* Ify therfore, b be the height of the mercn* 
ty in the barometer at the lowest station,^ at the 
highest, t and t' the temperatures of the air at 
those stations, jT the fixed temperature at which no 
correction is required for the temperature of the 
^r ; and if q and q' be the temperatures of the 
quicksilver in th^ tWQ barometers, and n the ex- 
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pansion of a column of quicksilver, of which the 
length is 1, for l"^ of heat ; h being the perpendi- 
culai; height (in fathoms; of the one station above 
the other, 

h = 10000 (1 +.00244 i^-^—f) log 



V 2 •'-'^"^Sx (1+1.(5—5')' 



n being nearly ^jgig^. 



If the centigrade thermometer is used, because the 
beginning of the scale agrees with the temperature 
f^ so that/zz 0, the formula is more simple ; and if 
the expansion for air and mercury be both adapted 
tp the degrees of this scale. 



h ::? IpOOO (1 + ,00441 i—-) log 



0(l+.OOO18(j^y 



338. La Place has given a formula for baro- 
metric measurement somewhat different from the 
preceding. If t and i^ be the temperatures accord- 
ing to the centigrade thermometer, all other things 
remaining as above, the height in metres, or 



P+ 541« 



Jn 
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In this formula, the expansion for the temperature of 
one degree is .004; according to the formula of 
Sir Georgs Sbuckburgu and General Roy, it is 
.0044L 

The former expansion agrees very well with the rate 
and law of expansion, stated in the last section, 
from the experiments of Dalton and Gay Lusac. 
The expansion in the English formula is therefore 
probably too great, though the results deduced by 
means of it agree tolerably with obserration. 

The true expansion, however, may be introduced, by 
increasing the constant multiplier by 49, or which 

is nearly the same. Vf. 

The formula, to give A in English measure, and to 
employ the true expansion, using the centigrade 
thermometer, will be 

* = 10050(1 +^^^j H^jTfMmi^r 

The addition to be made on account of the 50 added 
to the constant multiplier, is very easy, as it only 
requires the difference of the logarithms, or the ap- 
proximate height, to be increased by a two hun- 
dredth^ or the half of a hundredth part. 

The fact' that the mercury in the barometer sinks on 
ascending into the atmosphere^ was first suggested 
by Pascai., and ascertained by experiments under 
bis du^ection. The application of this to the mea« 

surement 
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Burement of heights, was made in France by Ma-t 
RiOTTE, and in England by Halley. It remain- 
ed, howfver, very imperfect, till De Luc applied 
' the corrections for heat, and directed simultaneous 
observations to be made ^t the top and bpttom of 
the mountain. He fell into some errors, which were 
pointed out by Trembley, and afterwards correc- 
ted by the observations and experiments of Sir 
jGrEORG^ Shuckburgh and General Roy. La 
Place has, more lately, made barometrical mea- 
surement the subject of his researph^s, apd has gi- 
ven the formula mentioned above. 

See De Luc, RecherchcM sur les Modifications de VAi-i 
mosphere, Horsely and Maskslynb, Phil. Trana^ 
vol. LXiy. p. 214, & 158, Trembley, apud Saust 
SURE, voL II. p. 616. Da^ien, Dissertdtio Phys. 4:* 
Math, de Montium AltitudinCf Baromtro metienda, 
Hague, 1783. General Roy, Phil. Trans. vqI. lxvii. 
(1777,) p. 653, &c. Sir George Shuckburgh, ibid. 
51S, &c. La Place, Meichaniqm C<:leste, torn. in. 
p. 289. 

Though much has been done by the authors just 
named, the barometrical method of measuring 
heights is probably not yet so perfect as it may be 
rendered. Its e:;(actnes8 depends on the compari- 
son of trigonometrical measures with barometrical 
observations. Now, the trigonometrical measures 
of heights are subject to considerable inaccuracy, 
from the variations of refraction, unless the refrac- 
tion itself be observed at the same time with the 
<l angle 
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angles of elevation. If tliis is ^ione, or if the height 
be tak^n bj levelling, th£ result may be obtained 
with great precision. The nuraber of instances, 
however, in which either of these precautions has 
been used, is not great enough to afford an exact 
, determination of the constant quantities that en* 
ter into the barometric formula. It would be 
useM also to ascertain bj more accurate experi* 
ihehts, the law according to which the tempera* 
ture of the air diminishes on liscending from tba 
surface of the earth. ^ 

339» The temperature of the air diminishes on 
ascending into the atmosphere, both on account of 
the greater distance from the earth, the principal 
source of its heat, and the greater power of absorb* 
ing heat that air acquires^ by being less com* 
pressed. 

The heat of tlte^'atmosphere appears to decrease in a 
less ratio than the distilnce increases. M. ds Saus* 
suaE found, that bj ascending from Geneva to 
Chamouni, a height of 347 toises, Rkaumur^s 
thermometer fell 4^.2, and that on ascending from 
thence to the top of Mont Blanc, 1941 toises, it 
fell 20^.7 ; this gives 221 feet English for a dimi. 
pution of V of Fahrenheit in the first case, and 
268 in the second. Nevertheless, from the accura^ 
cy which the rule for barometrical measurement 
possesses, it maj be inferred, that the decrease of 
heat for the greatest heights which we can reach, is 
DOtfar&om uniform; but that the rate for anj 

particular 
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particular case must be determined bj obsenratiouy 
though the average in our climate may be stated 
at l"" for 270 feet of perp^idicular ascent On this 
(Subject, see La Grange, Mhn. de Berlin^ Vtn^ 
p.. 206., &c. He thinks that the hypothesis of a 
uniform decrease of heat is the most conformable 
' to appearances. 

EuLBR) in a volume of the same Memoirs, for 1754^ 
p. 140, considers a harmonical progression as the 
most probable. If the sole cause of the diminution 
of temperature were distance from the earth, and 
if it were admitted that there is no current of air 
perpendicularly upwards, as there certainly is not, 
th'e diminution of temperature would follow the in- 
Terse ratio of the distance from the centre of the 
earth. Tramactions of the Royal Society of Eihi^ 
hurgh^yrtii. vi^ p. 365. 

Professor Leslie, in the Notes on his Elements of 
Geometry y p. 495. edit. 2d» has given a formula for 
determining the temperature of any stratum of air 
when the height of the mercury in the barometer 
is given. The column of mercury at the lower of 
two stations being ft, and at the upper 0, the dimi- 
nution of heat, in degrees of the centigrade, is 

(i — h)^' ^^ seems to agree well with ob- 
servation. 



840. If the atmosphere were reduced to a body 
of the same density which it has at the surface of 

«2 the 



Digitized by VjOOQ IC 



g44 OUTLIKES or NATURAL PHILOSOPHY. 

the earth, and of the same tcmperature> the height 
to which it would extend, is in fathoms, equal to 

4348 (1 + .00441 "-§— j» <>r, taking the expan- 
sion as in art. 338. = 4343 (1 +J^^' 

Hence if 6 be the height of the mercury in the l>aro-. 
meter, reduced to the temperature /, (he specific 
gravity of mercury is to that of air, as b to 

4< \ 
4343 (1 -^- I ooq/j or the specific gravity of air 

= '. — rr 17^' The divisor 78, is in- 

72 (4343) a + ^) 

troduced in consequence of b hein^ expressed i^ 
inches. 

341. Let a halloon, of a given cubical content, 
in feet, c\, be filled with hydrogen gas, 13 
times as elastic, and therefore 18 times i:arer than 
cpmraon atmospheric air, under the same com- 
pression ; and let it also he loaded with a given 
weight W J required to what height it will as- 
cend. . 

If y be the specific gravity of any stratum of air, in 

which the balloon is placed, that of water being 

^^ unity, since a cubic foot of water weighs 62.48 lbs. 

^vqirdupois, c' x (62.48)^ is (he weight of (he. 
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lair displaced, or the whole force tending to support 
the balloon. But the whole weight of the balloon is 

W + (62.48) c' X ~ , and therefore when the bal- 
loon is just supported^ and has no tendency to as^ 
cend, 62.48 xc'j^ = W + ^^c' j^j Or 

_ 13W 

•''" 874.72 c»* 

When the density of the stratum wkere the balloon 
will float is found, the density ^i the surface being 
computed by the last article, the height will be de- 
termined by the rules for barometric measure- 
ments 



^i PNEUMATICii 
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PNEUMATICS. 



942. The doctrine of .Pneumatics^ treats of elas- 
tic fluids, as accelerating or. retarding the motion 
of bodies ; of air, as the irehicle of sound ; and, 
lastly, of air, as the vehicle by which heat and 
moisture are distributed over the surface of the 
earth. It is, therefore, naturally divided into three 
sections. 



Sect. I. 

AIB AS ACCELERATING OR RETARDING MOTION. 

Machines for raising Water. 

S49. If a bent tube, open at both ends, have 
Ijhe end of the shorter leg immersed in water ; and 

if 
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if the air in the tube be sucked out, or otherwise 
extracted^ the water will flow through the tube in 
a continued stream, providing the heightirom Jiie 
surface of the water, to the top of the bending, 
does not exceed 32 or 33 feet. 

A bent tube of this kind is callecl a syphmu, If the 
8 jphon, instead of kaving the air extracted by aiuc« 
tion, be fOOLed with water^ aud the endfs stopped tSjl 
it is inverted, with the shorter leg immersed in wf^ 
ter, the same effect wdl follow. 

It is the greater weight of the water in the longer leg 
of the tube that determmes the ftuid to descend on 
that side, and the pressure of the air continues the 
supply. 

The syphen may be empiayed to fuse watef orer a 
heigM less than 39 feel, tf it is la descend below 
the levd of the ftunldn o» the 0{^8ita side. It 
eould not, howev^, be eonvepiently applied, if the 
he%ht was near to S3 feel » because the velocity 
with which the wat^ in the sfkortar kg is made to 
ascend, depending on the difference b^lwf en that 
height and S3 feet, the length of the column 
which the air is just able to sustain, might pot af» 
ford a sufficient supply for the stream descending 
in the longer leg. 

The Syphon is properly a pneumatico^-hydr^uUc ma 
chine, the action of water and of ur being ^th ^e« 
cessary to its effect. It is, howeveir, the simplest 
of all the instruments employed in raising wa- 
ter. 

t> 544. The 
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344. The Air-pump is a machine by which thte 
air is extracted from close Vessels. A cylindrit 
barrel in which a piston Works, communicates by 
a valve in its bottom, which opens inwards to . 
the receiver or close vessel. The piston is also 
furnished with a valve, which opens outward ; so 
that when the piston is thrust down, the air in the 
barrel opens the valve of the piston, and makes it? 
escape* After the piston has been forced down to 
the bottom, it is drawn up when its valve shuts, 
and that in the bottom opens, and admits the air 

ifrom the receiver. This operation is repeated, 
and the air in the receiver becomes continually 
rarer. 

The air-pump was invented by Otto Guxrickb, 8 
gentleman of Magdeburg in Grermany, about the 
year 1654, and marks a great era in the his- 
tory of the physical sciences. It has received 
great improvements. Cavallo, toL' ii. p. 465, &c. 
HuTTON^t MathtmaJUcal Didumary^ article Air-^ 
pump. 

345. When the numbed of Strokes of tlie piston 
increases in arithmetical progression, the quantity 
of air remaining in the receiver, and also its 
density, form a series of terms decreasing in 
geometrical progression; so that if R be the 
capacity of the receiver,^ B of the barrel, I> 
the density of the air in the receiver, ^fter n 

ittokc» 
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strokes of the piston, the density of the external 



wrbcingl;D=(y-j-^"; 



B 

Hence 1<^ D = nlog p v^ t from which D mfly bd 

found when n is given^ or n wteri D is given. 

it is evident that the exhaustion can never be com- 
. plete, as no more than a certain proportion of the 
air that remains can be taken out by the next 
stroke of the piston. There is even a limit which 
it cannot exceed in the ordinary arir-ptimp ; for the 
' spring of the remaining air^ being the power whicn 
opens the valves, when it becomes too weak to 
overcome their stiffness i&nd their weight, the ex- 
haustion necessaiily ceases. In air«pumps.of the 
most improved construction, the valves are opened 
by a mechanical contrivance, so that this limit to 
the perfection of the instrument is removed^ 



346. When the end of a cyliiidric batrel con- 
structed as above, is either immersed in water, or 
made to communicate with a reservoir of that 
fluid, on the piston being drawn up, and the air 
in the barrel rarefied, the water will ascend on ac- 
count of the pressure of the external air* By re- 
peated strokes of the piston, it may be made to 
tise so high^ as to pass through the valve in the 

piston, 
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piston, and a qmntity of it is thea lifted up every 
time the piston is caised. 

This machine is jpalled the Sucking Pump, and the 
piston is called the Sicker. 

The Talre 6f the piston, when l<»w«isl, ifUBt b^ nearer 
to the surface of the water in the reservoir than 
33 feet, otherwise the water can never rise above 
it. 



S4i7. The piston of the sucking pump wh«a it is 
raised, sustains the weight of a column of water, 
of a base equal to the section of the piston, and a 
height equal to that at which the water in the 
pump stands above the surface of the reservoir. 

This is the measure of that part of the pressure of 
the external air that is i not counteracted bj the 
elasticity of the air under the piston. 

To work the pump, a force must, therefore, be em- 
ployed able to overcome the weight of this column, 
and of the piston, together with the friction of the 
pbton against the sides of the pump. 

348. In a sucking pump, the height of the 
lower, or fixed valve, above the surface of the wa- 
ter zz fl, the length of the stroke of the piston zz b, 
and the height of a column of water in eq^uilibri- 
^ uni 
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nm with the pressure of the atmosphere =: A ; the 
height to which the water is raised hy the first 

BoMUT, wETjfAWjfM. vol I. p. 101. 

849. The same notation heing retained, and c 
being put for tf + *f ^^ the greatest height to 
which the piston ascends, b must be greater than 

jT, otherwise the water will not rise above the 

piston* 

The water will eease ta nse, when the air in the bar* 
rel of the pump, which is always rarer the higher 
the water is raised, becomes so rare, that when the 
piston is thrust down, it is not so much condensed 
as, by its elasticity, to open the valve in the pis- 
ion, or, whidi is the same. Is not so dense as the 
external air« This leads to the limit just as- 

..signed. 

Besides the pump just described, there is one with a 
solid piston, without any valve, by the raising of 
which, jthe water is drawn .up through the valve in 
^ the bottom of the pump, and on Ijhrusting dowa 
the piston, the water is forced through a pipe in 
the side, having a valve that opens outwards, bj 
which k&eaS!u it caa be raised to any height if a snf- 

indent 
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ficient fbrce be applied. This is called the Forcing 
Pump. ^ 

The Liflbg Pump is in principle no way different 
from the Sucking Pump. 

350. The discharge of wktcf by piimps, though 
naturally intermitting, may be rendered continual 
by the elasticity of the air condensed in what is 
called an air-vessel This contrivance is represent- 
ed in fig. 23. 

See Desagulibr, Course of ExperimeTUal Philosophy ^ 
YoL II. p. 152, Sd edition. IVfuscHENBROEdK^ 
§ 124, &c. BossuT, Hjfdrodj/n. vol. i. § 7§.5 
be. 



^teamEn^e. 

isi. Let a cylinder ABCD (fig. U.\ placed 
vertically, have a piston working in it, the rod of 
which is fixed to the end of a beam GH, turning 
on the axis O, and loaded at its other extremity by 
2, weight W, and when the niaichine is. at rest, let 
the beam incline toward the side where the' weight 
is. Then if a vacuum be any how niaide in the 
part of the cylinder under the piston, the whole 
pressure of the atmosphere will tend to depress the 
piston, and will raise the weight W^ if its mo- 
mentum 
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nientum be not greater than that of a column of 
water SS feet high, having for its base the section 
of the cylinder, and actitig by the lever GH. 

In this way, an air-pump might be made to rais^ wa« 
ter to any height whatever. But the production of 
the vacuum by the mechanical means of valves and 
pistons, from its dii&culty and expence, could not ' 
be reduced to practice. For this reason, recourse 
is had to steam, which, from its facility of being - 
generated and destroyed, affords the means of' 
producing a vacuum over a great extenti and of re- 
newing it at pleasure, 

Suppose, therefore, the steam of water from a boiler 
to be introduced through a valve into the cylinder^ 
and to expel the air ; and when this is doq^, the 
valve to be shut, and another valve opened, by which 
a jet of cold water is injected into the cylinder, the 
steam will be quickly condensed ; a vacuum will be 
produced, and the piston will be forced down by 
the pressure of the atmoapherei. 

The introduction of the steam at the bottom of the 
cylinder, will again elevate the piston, and the re-, 
production of the vacuum will cause the depression 
of it ; so that the end of the lev^r to which W is 
attached, may be employed to raise any weight, or 
to pump up any quantity of water within certaii^ 
limits. This is the Steam Engine in its simplest 
state. 

35?. IP 
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S52. If h be the length of the stroke of the pis- 
ton, r the radius of the cylinder^ and k the height 
of the column of water which balances the ^s- 
•ure of the atmosphere, irr*A is thie moving force, 
gad its momentum is ^r r^A x b. .If the radius of 
the piston of tiie pump worked by the beam be /, 
d the depth of the water, and A' the height to 
which it is raised at one strolte^ irr'^cfA' will be 
the momentum of the resistance : then, in order 
that the machine may work, f^bh> r'^dk\ 

To a complete tfaeory of tbe steam engine, moch 
more is necessary than the knowledge, that r^ i i 
is greater than r^^dh^; for the rate of working de» 
pends on t&at excess, and must be determined as 
IB the problan, N^ 162. Tht weight of the pomp 
rods must be included, and also the effect of fric- 
tion* 

It is here saj^xraed, th^t a pe^ect va^um is proda- 
ced in the cylinder by the jet of cold water. This, 
however, is not the fact, for by the alternations of 
the heat mid cold to which the cylinder is exposed, 
it can Hdtho* acquire tbe heat necessary to the fall 
elasticity of the steam, nor the cold necessary for 
its complete condensadon. On this, account, the 
effect of the machine falls much under the compu* 
tation. 

S5S. When the cylinder is full of steam, if a 
▼alye be opened, by which the steam is aUbwed to 

escape 
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escape into another vessd, where a jet x£ cold wa- 
ter is introduced, the condeiKation is much mote 
complete, and the heat of the cylinder being pre* 
served, the steam possesses its full elasticity. 

This improrement was made by Mr Watt, and 
completely changed the character of the steam- 
engine. In the old engines, the power was redu- 
ted nearly to half its real vafaie, so that the mo- 
ving force, inatead of amounting to 14,1b. on every 
square inch of the area of the piston, was reduced 
to little more than seven. In Mr Watt'^s engines, i 
the moving foree is not less than 12 lbs. on the 
square inch. 

S5^» A farther improvement has been made on 
this engine, by injecting the steam into the cylin- 
der, alternately above and below the piston, so 
that the whole motion is produced by the elastici- 
ty of steam, and has no dependence on the weight 
of the atmosphere. 

This improvement is also due to Mr Watt, and could 
not have been made wifliout the previous contri- 
vance of condensing the steam in a separate vesseL 
It is particularly aA:omm6dated to the production 
of a rotatory motion by means of a steam en- 
jpne. 

In the double«stroke epgine, the piston rods require 

to be forced down as well as to be drawn up, in the 

same vertical line. The method by which Mr 

Watt has accomplished this depends on a geome* 

Jtiktd theorem* 

S5S. If 
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95Bi If the ends of a line given in magnitude, 
describe circles given in positidn, and having their 
convexities turned opposite ways, a point may be 
found in it, which will describe on each side of the 
line joining the centres of the circles, an arch of a 
curve of contrary flexure, not differing sensibly 
from a straight line. 

The point to be found divides the given line in the ra^ 
tic of the radii of the circles described by its extre^ 
mities, 

A rectilineal vertical motion is alsQ produced bj 
another construction. Two of the adjacent angles 
of a parallelogram, are made to describe concentric 
circles, so that the side between them passes 
through their centre, and one of the rjemaining 
angles another circle, having its convexity opposed 
to that of the two former ; then the third angle of 
the parallelogram describes a line that differs insen* 
sibly from a straight line. 

Front treats of this motion, Jrch. Jffydraultque^ 
tom. II. § 1478 . &c. ; but has not given « complete 
theory of it. He says, on the authqrity of Adams, 
(Geometrical and Graphical Essays) that the con-» 
trivance was suggested to Mr Watt by one of the 
}|istruments for describing curves, invented by 
ScARDi. See Ntumi Instrumenti per la descreziane 
di diverse Curvcy &c. We have looked into this 
work with considerable attention, but have not 
been able to find any thing that has much affinity 
(o the motions just described. 

85^. In 
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SA&i Iti sfedam eng£n«6 of sknilar construttibn, 
the effects are iieariy tfs-the qHantitf of fiiei^con* 



sumed. 



tnibb e^tfaiiiAte fimie is neeessarit^ involved^ as, in or« 
der' to derive the gteatiest advantage from a* given 
quantity df fuel^^ tbe combustion'' mUst neither be* 
too quick nor too slow* 

It is computed, that an- engine of the best constnic*^ 
tion, will' raise 20,()00 cubic feet of water to the 
Height ortwehty-fbur feet for every hundred-weight 
of got)d pit^dal. An engine #ith a cylinder of^ 
tHiftyW)ne intdhes diameter, and maksng twelve^ 
atrobeti^ ia^ » minute^ will do the i^i^k of forty 
horses, and will burn 11,000 lb. of the best Sta& 
fbrdshire' cbA in a di^; See Ewydopaiia Britan^ 
nm, artiole Sieam^ p. 76&i Prony,. Arch* Hjfd^ 
§ 1499* voK It. 



Motion produced by Gurfpowder, 

356. When gunpowder is fired^ a permanently 
elastic fluid i& generated, which being yery dense^ 
and much heated, begins to expand with* a force 
at least lOOO tiniest g(^eater than that of ait under 
th<5 oiidfinary pre^sur^ ^f the atmosphere. 

BoBtK^s Tracts, JViewj Prineiple^ of Gunnery^ Fi'op. vi. 
HuTTON^s Mathematical Dictionary^ art. Gunpowder. 

m In 
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In the accderation of a baU bj the fluid thus g^e- 
rated, three circumstances must be attended to. 



3S7. 1. The elasticity is inversely as the space 
which the fluid occupies, and, therefore; as it forces( 
the ball out of the gun, it continually dimini* 
•shes. 

2. The elasticity would diminish in this ratio, 
even if the temperature remamed the same ; but 
it must diniinish in a much greater ratio, both 
from the dispersion of heat, and the absorption 
of it by the fluid itself, during its rarefaction. 

. 3. The air propels the ball, by following it, and 
acts with a force that is, aeie^^is paribuSy propor- 
tional to the excess of its velocity above the velo- 
city of the ball. The greater the velocity that the 
ball has acquired, the less, therefore, is its momen- 
tary acceleration. 

The effect of the elastic fluid must, for these reasons^ 
decrease much faster than the space it occupies in- 
creases ; and a formula expressing the law of acce- 
leration, as depending on all these causes, more espe* 
cially on the latter, might be expected to be very 
complex. Nevertheless, it appears from Dr Hutton^ 
experiments, that the velocity with which a ball 
actually issues from the mouth of a cannon, other 

tiungr 
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ftnAgs being the same, U nearly as the square root 
tyf the weight of the gunpowder^ or more generally^ 
if o be the initial Telocity of the shot, P the weight 
of powder^ and B the Weight of the ball, that 

/P 
vr:injy/;g'; m being a constant co-efficient, to be 

determined by experiment. 

JPhilosophicd Transactions^ 1778. Abo Hutton^s 
Course of Mathenmticsj vol. xii. p. 370. 

/P 
Now that V :=z fit jJ 7^^ is exactly the conclusion that 

would be deduced, from supposing the acceleration of 
the ball to depend simply on the expansion of the 
elastic fluid, without taking into account the dimi* 
" nution of the impnke, arising from the velocity 
which the ball has idready aisquired. This may be 
shewn from the Principles of Dynamics^ § 96. 
That diminution, therefore, does not affect the ra-> 
iios of the velocities of shot due to different charges^ 
though it must no doubt afiect the absoliite quan-^ 
tities, and render them less than they would be 
otherwise. 

The value of v given above, is only exact on the sup* 
position, that the piece is long enough to allow the 
elastic fluid generated by the gunpowder to pro- 
duce its full effect. The augihentatioii of the 
charge may so much lessen the space over which 
the fluid is to act, that the velocity of the ball 
rS shall 
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ilu^l be. ht8i fiHn * gnat ^knggfih th^ fiom « 



$58. The Balistic Pendulum is an instrament 
ki^w\b^ibj Mr B^qbi^^,. for detjcrmining t];^e ve- 
locity with which balls are projected by ordnance 
ci different kinds. The ball isv made tty strike a 
l^^^yy blo^ pf viof^ wspend^d. frpm a c^Qtre ; 
the velocity is^ thus red,ifced to ^, qu^tity t)iat is 
moderate, and easily admitting of being measured. 
BxonL thence. th& qriginal velocity is co4;Dput;e4:by 
help of the principles explained. Mechanics, 
Soct. 7* pn the Rotation of Bodies, § fH. 

B>r. a psrti^i^ descrip^^iiv of thin ip^ Inrnf^C, sec 
lUwv' Nw J^nm?l^ of Qujftffrji^f^St,. Alsa 
Suua's NtiHi^.imJ^ffffm' Qmn^- T>^ i^ile for 
eipfi prt i fig . thi& vtdMity of tbf h^k frflW . % ▼!- 
faralioaof Ib^p^n.duhm'.if.tbiQX^ as it 

tifll vdocitjr of aboi frtiiiliit^d in.thjf i'nWt.^^"^ 
flnwi IttO.to JOQQfoi^io nsmwdi Tjb^.lf^ter it 
nearly as great as it is erer found. 

Tlm^y^likmtT ^^ whic^^the elasti^c ftiiid, diseag^getf 

.fiSPPt.tbe gimpowderi ex{ia9<k itsi^> is probaUy 

mcHTQ- tlwp^ dotttil^ Q/C,t|4^^ I}r H^fwv. estimates 

i^at<5()QQf#et.liter.8(Bp>nd C;[99Cfis/^4f<#Ac«pa^y 

349. The 
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659. The depth to which ^ ball penetrates into 
iK^ood) earth, &<:• k nearly as its weight multiplied 
into the square of its Telocity. 

Hencs^ since D*=m*x^, Bo*=fii^P; so that the 

effect of a shoi Is nearly as the quantity of gun- 
powder. 

From the Table given by Dr Huttok^ CmttH nfMa- 
thmaticsj vol. iii. p. 272. the Talpe of m may be 
deduced nearly =: 2000. 



B^Mes impdkd hy CuamnU in the Atmo^kere, or 
by mndi. 

aS9* Thit inkpukd of a stream of air ttfiking 
with the reiocity iPf on a plane of the area a\ in- 
clined at an angle i to the direction of the stream, 
5P i» X a* V* sin i*. 

la is a quantity to be determined from experiment, 
and is cdnstant, wbOe the density of the fluid eolii^ 
tinues the same. 

This proposition is the same that was formerly e» 
nundated of non-ekstie fluidi^ 1 901. 

Ad ^I. the 
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361. The sails of a windmill are so disposed as 
to turn in a vertical plane round a horizontal axis, 
they themselves being all inclined to that plane 
toward the same side ; when, therefore, the plane 
in which the sails turn, is placed at right angles 
to the direction of the wind, the force on each sail 
is resolved into two, one at right angles to its sur- 
face, and the other parallel to it. The latter has 
BO effect, bat a part of the former impels the sail, 
on the side toward which it makes an acute angle 
with the direction of the wind. Thus a circu- 
lar or rotatory motion is given to the sails. 

The saQs are so constructed, as to have different in* 
dinations to the plane of their motion at different 
distances from the asds, greatest nearer the centre, 
and least at their extremities. This is called the 
foeathering of the sails, and is done in order to make 
the momentum of the wind nearly the same at all 
different di^Unces from tlie centre of m^tipn. 

362. Supposing the sail of a windmill to be a 

plane, and the inclination of that plane to the axis 

pr the directiojd of the wind to be 1, the effect of 

the wind to turn the sail, in a plane, at right angles 

to its axis, will be the greatest when cos i x sin i* 

. . .1 

)s a maximujn. Of pos 1 ss ^ , 

This gives t-^''44', and therefore the hicUnatioB 
pf the sail to the plane of its motion, or what is 

ealle4 
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called the angle of weather^ 35^ 16'. This is true 
only when the sail is at rest, or just beginning to 
move. When the sail is in motion, and of course 
near the extremities of the sail, when it moves fas- 
ter, the angle of weather must ..be less. Maclau- 
RiN has given a formula for this, Fluxions ^ vol. 11. 
§ 913, 914. 

Maclaurin's theorem makes the weather to varj 
from 86"^ 34, at the point of the sail nearest the 
centre, to 9" at its extremity. Smeaton made 
some corrections on this, from experiment. See 
Experimental Inquiry concerning Mills^ p. 45, and 
46. 



S$3. From S me axon's experiments it appears, 
that a windmill works to the greatest advan- 
tage, when it is so constructed that the veloci- 
ty of the sails, is to their velocity when they 
go round without any load, as a number between 
6 and 7 is to io ; and also that the load, when the 
mill works in this manner, is to the load that 
would just keep it from moving, nearly as 8.5 to 
10. 

Experimental Inquiry, p. 49 & 50. 

364. With different velocities of wind, the load 
that gives the maximum effect^ varies nearly as 

. R 4 the 
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iJbe $quMe of the Yc;locity.qf ^ vin^, wd the 
ffficf its^ OS ^ cuhe. 

Ibid.p.,5% 

^he tffed is alwmjs measured j)^ tbe prodoet of the 
^dodty of the load into its wtigiit. The velocity 
of the load variei in the simple and direct ^atio of 
the velocity of the yy\ni. 



Resistance oftH Air to Prcjectiks. 

g65. Though we should be led, as in hydraiilics, 
to conclude that the resistance which air makes to 
fnoving bodies is as the square of their velocities, 
experiment appears to prove, especially when the 
velocity is great, that the resistance is partly pro- 
portional to the square, and partly to the simple 
power of the velocity. 

The resistance to the same ball, its velocity bebg o^ 
^mv^-^-nVy where m and n 4re given cop^ffidents* 
HuTTON^s Course of Mathematical vol. iii. p. 279, 

In this fornuiJUi m = .0000267§ ?= '§§§^ ^^ 

n = -,00388=- 5gg , the diameter of the ball be« 
iiig 1^6$ inclies. 
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Jletice for anj hall pf which the diamister js d, 
m = .00000666, and a =—,.001^ that is, 

2 , 1 



and the resistance in avoirdupois, pounds, or 

*'"15R)l5000~*''' 

l^Qjr this theoreoDL, so useful in gunnerj, an^ so well 
accommodated to practice, we are indebted to Dr 
HwTTON of Woolwich, ubt supra. 

A ball U often resisted by a force that is many 4imes 
its own weight. An iron ball 3 lbs. weight has its 
diameter =2.78 inches, and when it is thrown with 
a velocity of 1800 feet, it is resbted by a force 
equal to 176 lbs., more than 58 times its own 
weight 



366. Supposing the air to resist according to the 
law j^st assigned ; the hdight, to which a ball of 
the weight «r, and the diameter d, will ascend, 
when projected perpendicularly upwards with any 
velocity c, will be, 

^ n w 

- C --C+ TJ 






Jf 



Digitized by VjOOQ IC 



256 OUTLIKIS oy NATaKAL PHItOSOPHY. 

If tliTS expression be feducecl, by substituting for w 
its value ,5236 d^, and using the common loga* 

(c' 150 c 

It may be shewn by this, that a ball 1.05 lb., dis- 
diargeci with a velocity of 2000 feet, will ascend 
only to the height of 2920 feet, or little more than 
b^lf a mile, whereas in vacuo it would have ascend- 
ed to the height of eleven miles and three-fourths. 
HuTTON, ibid. p. 2S4» 

367. If a body descending in the atmosphere, 
has acquired such a velocity, that the resistance is 
equal to its weight, the accelerating and retarding 
forces being equal, its motion will become uni- 
form. 

Hence, since .5236 d' is the weight of an iron ball of 
the diiuneter <i, if we make 

: -^^ '' = m6 (mo - *)' ("^ '^'^^ ^•)' «' 

523.6 d=-ggj^—-t?, we have a qyadratic equation, 

from the solution of which v may be found. 

The velocity thus found is called the terminal re- 
^ ,, , lodty of the falling body, or of the projectile. For 
. .,,i an iron ball of 1 lb., the terminal velocity is 244 

feet; for one of 42 lb., it is 456. Yid. Table, 

HvTTON^s Course^ vol. m. p. 291» 

In 
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In strictness this velocity is not acquijred till after aa 
infinite time, and a descent infinitely long: the 
time of acquiring a velocity differing from it, by 
any quantity, however small, is finite, and can ea* 
^ily be assigned. 

368. The great problem in gunnery, viz. having 
given the weight, tke magnitude, the direction, 
^rtd the velocity of a projectile, to detenpnine its 
path through the air, supposing the law of resis- 
tance to be known, is very difficult, and the solu- 
tions of it hitherto given have not led to result* 
Jeasily applicable to practice. 

An approximation has been given by Nkwton, and 
complete solutions by Euler and Lb GiNnas. 
Prin. Math. lib. ii. Prop. 10. Euler^s Remarks on 
BoBiNs, Brown^s translation, p. S28., &c. Lb 
Gbndre^s solution is in Franc<evr^s Medhamque, 
p. 196., &c. 3d edit. 

Pr HuTTON of Woolwich is in possession of jnany va- 
luable materials relative to this problem, furnished 
by his own experiments, and there is reason to ex- 
pect a more useful solution than has yet beep gi« 
ven, from one who unites profound mathematical 
knowledge with great practical skill. 

D\Antoni has proposed a method of determiri^g by 
experiment an indefinite number of point? in the 
. path of the same projectile. 

If a series of stations, one above another, be taken on 
the declivity of a hill^ at the bottom of which there 
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Si ttaeklMdieiit m f Iiiii'itf<MiBi(toaUe^ctMt*; and 
if tthe trame apiece c£ aitiUery 'be oactied tMOeessively 
to these fltfttioas, ttid fired «t tike fame a^gle, and 
inihe aame circaBistances in all respects^ and the 
points marked where the shot in all these cases 
strikes the plain, it is evident, that all these are 
points in the curve described bj the same shot. 

The same might be done stift more easOy, by remo^ 
Fing the gun from one distance to another in the 
phin, a»d firing against the side of the hill. If the 
points from which the shot were fired, and those 
which they struck, were all marked on «i accurate 
profile of the ground, thej would enable us to de- 
termine as many points in the path of the pro* 
jectiie as there were experinleDts made* It is 
vntieeessary to observe, that at emk station a 
i;fieaft nundier of shot might be fired at different 
deratbiB, 00 tihat Humy curves ndght be dftermi* 
Bed firom die aame set of experiments; and that at 
each particular elevation many shots ««ght to be 
fired, and a mean taken among the points where 
the baUs struck. 



S69. The ranges of the same ball, with the same 
elevation, but different charges, are nearly as the 
aquare-roots of the initial velocities ; and the times 
<if ffigbt are nearly as the ranges. 

Bonm*0 
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yiWJ. 3oth tbflffe, ppoposUionaL are empimgly or 
d^dui:^d aoleljf; from e^EgerimeDit. 

Beside the worto) alrea^ quoted^ see Idie ardcieiJiM 
MUmti byiPrefefMr RhBisoH^.initlBfi E»(y(hp^ 



AIR A^ THE. VEHICUS OF SOUND. 

99^ The hodit^nhtitivfc: cos&ifkz ^iaim9$rouSf 
or as causes'of'tfae 8ensa;tk)nof'aQ«in4y at; the time 
when they produce that sensation, are observed to 
be in a, state of treiwar or. vibration. 

This is exemplified iii a bell^ and in adrinking^Iasi 
when sound is produced by rubbing ito edge wiflir 
%wet finger, in a musical stringy &c. The latter 
afii^'ds the simplest. case of this fact^ andlhat iii 
itbif^h'th^^laws of the vibration are most easily 
investigated. 

371. If a musical string stretched between twa 
fixed pointSy^ be struck any where between those 

points. 
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points, so as to be forced out of the straight lin^ by 
a small quantity, it 'will vibrate backwards and 
forwards on each side of that line, and the curves 
into which it will successively pass in the course 
of these vibrations, will have their curvature at 
every point proportional to the distance from the 
straight line joining the fixed points ; the accele- 
rating force at each point will also be proportional 
to that distance, and the great and small vibra- 
tions will be performed in the s^me tii;ne. 

It is usual to reckon the vibrations of a string differ- 
ently from those of a pendulum ; the passage from 
the highest point on one side, to the highest on the 
other, IB reckoned a vibration of a pendulum. The 
passage from the farthest distance on one side to 
the farthest on the other, and back again to its first 
position, is accounted a vOraJtiom of a musical 
atring. It b properly a double vibratbn. 

572. The figures which a musical string assumes 
in its vibrations, constitute a series of elastic curves, 
or elongated cycloids. 

The construction of these curves is easy. See the 
Notes in Le Sbur, and Jacquer'^s Commentary on 
the Principiay lib. ii. prop, Xhit. the Note 301. Al- 
so Smithy's Hamumics, 

87S. If 
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37$. If I4 be the length of a musical string rf 
uniform thickness, ,iP: its weight, S the weight by 
which it is stretched, or the measure of its ten- 
sion, / the Ume of a double yibi?ationt 

/LP ^ 

ty as usual) is measured in seconds, and g is the yelo- 
citj acquired in i^' bj a falling body, expressed in 
the same measure with L. The most convenient 
unit in this case is an inch t so that g* :=. 386. 

The value of i maj be made more convenient, hy 
supposing w to denote the weight of an inch of the 

string; so that P IT w L, then e = .. \ ■. 

If N be the number of vibrations in a given time, for 

instance in one second, N = a^-~ — • 

If the len^fas and weights of two chords are the 
same, their times of vibration will be inversely as 
the square roots of the forces by which they are 
stretched ; and the number of vibrations which they 
perform in the same time, directly as those square 
roots,^ 

So abo, the tension and the weight remaining the 
same, the celerity of th'e vibration is invtt*scly as 
the square root of the length ; or^ the tension and 

weight 
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weight |»er imh r em aining the dam6^ theoelerity ot 

vibration is inversely as the length. 

» 

The- problem of the mtisieal ehord'wnr first re^olved^ 

and the preceding theovein» investigated^ by Baiootf 

Taylor, in his Methedu$ incremeiUwvm^ prep. 21. 

33., &c. His solution, though very iageiliaitt,.8Bi 

extending to most of the cases that occu^in nature^ 

was not generAly.nor cohiplete^.wbeif naalhemati-^ 

ea% eonsidUtfed^ The StM coni|dtlie solution was 

given bjr. D'Ai£MBEliT^j in the^ Btrlim Memofrs for 

l%Vr^ and led imn: A tSia. salM.tiiM to^dilcaiireries 

which form a great era in the history of the Difie^ 

nenttftl' and" Integrid^ Cs^lttsi Jfif^. dt* AHin^ 

nvr^ p; 2Mr, &^. 

374. When the sounds of different musical 
sttin^ate^eonyparcdv' » ceotaiiiv dif&neticei beCMiden 
them is perceived by the ear, which is called rfi/^ 
ference of tone; and: thi^ dlfFerence isr dS(r exprcs- 
sed by saying, that the one sound is graver, and 
the other more acute; the variations of tone are 
found to have a^ constant or fixed relation to the 
comparative celerities of vibration. 

As the string perfbrms more vlbrdtibnr ih a given 
time, the sound it yields becomes more acut^^ and 
as: it vibrates- more* slowly, thd sound is graver. 
This is easily bsoug^ to the test of experiment. 
The strings that vibrate faster,, either from the 
greater tension^ or their smaller length and weighty 

invariably 
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ihvariaUy produce soundft that Are ittore acute^ 
&c. 

375* If eight strings be such, that the numbers 
#f the vibrations they perform in a given time are 
as the number^ 24» 27, 30, 32, 36^ 40, 45^ 48, the 
sounds of the first seven will be perceived as in- 
creasing in acuteness one above another, from the 
first to the last, and will yield the notes from the 
combinations of which all musical effects are pro* 
dueed* 

The tone is not affected by the exteni; of the vibra- 
tions, but merely by their time. The loudness of 
the sound is supposed to depend on the greater ex- 
tent of the Tibrations. Noise and discordant sounds 
arise from a want of isochronism of vibration* 
When the vibrations are isochronous, or all per-« 
formed in the same time, the sounds are always 
musical* 

The last of the strings will sound what is called the 
octave above the first, and the same series may be 
repeated again between the number 48 and its 
double 96, and each note will be an octave above 
its corresponding note in the first interval; the 
numbers of vibrations will be 54, 60, 64, 72, 80, 
90, 96 ; and it is evident that this series may be 
continued either up or down without limit. 

The musical sqale thus formed, is called the Diatonic 
Scale. 

» The 



Digitized by VjOOQ IC 



S74 OUTLINES OF NATURAL PHILOSOPHY. 

The pleasure ^^rired from the successive or simulta. 
neous perception of the sounds of this §eries, ap. 
pears to be an ultimate fact that can be no farther 
analysed, but must be referred to the original con- 
stitution of the mind. The selection of the combi- 
nations of these notes, capable of affording high 
degrees of pleasure, is tii9 object of the laimcal 
art. 

877. All other sonorous bodies, at the time they 
emit sound, vibrate in like manner, but according 
to laws less simple. In wind instruments^ the 
sounding and vibrating body is the air itself. 

The number of vibrations performed in a given time, 
by any sonorous body, may be determined by com- 
paring its sound with the note which is sounded 
by a musical strhig Qf a given length, weight and 
tension, The ear is sufficient to decide what atring 
in a harpsichord is in unison with the given sound. 
The number of vibrations performed in a given 
(ime by the former, is equal to the number of 
those perfomied in the same tin^e by the latiten 

S78« AH musical sounds are computed to be con- 
tained within ten octaves ; so that the number of 
yibrations in a given time that yields the gravest 
liote, is to that which yields the most acute, as I 
Xq 2^^ or as I to 10S4. 

Frcpagatm 
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Propagation of Vibrations through the Air. 

S79- The vibtations of sonorous bodies are com- 
municated to the air, and by the impression thus 
made on the ear, excite the sensation of sound. 

That air is necessary to the production of sound, is 
erident from inchiding a bell in a receiver, exhaust- 
ing the air, and making the clapper strike on the 
beU : the sound is hardly audible. 

aSO. It is Dot every kind of vibratory motion 
produced in the air that is the cause of sound ; a 
musical string may vibrate, but if it is touched by 
a bit of cloth, or any soft body, no sound is heard. 
The vibrations in the air that produce sound must 
be communicated by some elastic substance. 

Soxifad is produced by the explosion of gunpowder, 
that is, by the sudden extrication of a fluid mass, 
dense, and highly elastic. It is produced abo by 
the suddMi rushing in of air to supply a vacuum. 
The crack of a whip appears to be an example of 
this last. 

381. Though the vibrations of the air that pro- 
duce the sensation of sound, are no doubt the al- 

s 2 temate 
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ternate condensations and rarefactions of that 
fluid, in consequence of which the particles go 
and return, or oscillate backwards and forwards 
for some time, even though there is no renewal of 
the impulse of the sonorous body, yet every such 
oscillation acts only once, or by a single impulse 
on the car. Were it otherwise, sound would be 
always something inarticulate and ill defined. 

382. The velocity with which vibrations are 
propagated through the air, is the same that a 
heavy body would acquire by falling through half 
the height of the homogeneous atmosphere, or that 
which the atmosphere would be reduced to, if it 
were everywhere of the same density, and the 
same temperature with the^air at die surface of the 
earth. 

The height of this homogeneous atmosphere has been 
formerly computed at 4343 fathoms, when the tem- 
perature is that of freezing. If this height be call- 
ed H, then v, the velocity of the aerial vibrations, 
8= ^ gg* H. Hence v ss 1057, which is too small, 
as it is found by experiment to be 1143 feet per 
second. 

The nature of the vibrations of an elastic fluid, was 
first considered by Newton, and their velocity de- 
fined, as in the preceding proposition, by compa- 
ring them with the vibrations of a pendulum. 

Princif. 
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Princijp. MtUb* Kb. ii. prop* 47. & 49. The sound- 
ness of thiA reasoning, however^ was questioned bj 
Eux.BR ; and it was afterwards shewn by Cramcr, 
that the same argument might be used to prove 
conclusions very different from that at which New- 
ton had actually arrived. Commentary on the Prtji* 
cipia, lib. ii. vol. li. p. 364. La Grange after- 
wards gave an accurate solution of the problem, by 
which, though he pointed out the error of New- 
TON^s reasoning, he confirmed the truth of his 
conclusion. 



383* The velocity of the pulses propagated in 
an elastic fluid, are as the square root of ttee elas^ 
ticity divided by the density of the fluid. 

PriiL Math^ UML prop. 46* 

The velocity e£ sfEmnd, coinputjed as in the last ar<p 
ticle» coo^s out less than, by actual experiment, 
La.Fm>obJ)as suggested a very probable explana- 
tion of this, viz. that the ccmdeaE&nticnY of the undu^ 
la, which must take place in these vibrations, pro- 
duces a degree of sensible heat, by which the elas- 
ticity is ini^reased, or, to speak more correctly, the 
density diminished? while the elasticity remains the 
same. The heat required for that effect has 
been shewn by Biot to be within the probable li^ 
mits which analogy, in the absence of direct expe- 
riment, would lead us to assign. HAtiv, LefonM de 
Phys, § 478. 

s 3 384, There 
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584. Thete is perhaps, in the economy of na- 
ture, no contrivance more wonderful, than that by 
which things apparently so little susceptible of pre- 
cision as the impulses communicated to an elastic 
fluid, become the means of conveying to the mind 
such a multitude of distinct impressions as it re- 
ceives through the ear ; the finest modulations of 
harmony^ and the nicest distinctions of articu* 
late language. 

585. An Echo is a repetition of sounds produced 
by the reflection of the aerial pulses that convey 
sound to the ear. 

A wan, a rock, a grove of trees, may be so placed, 8» 
to cause an echo. That an echo may retiotr one 
syllable as soon as it is pronounced, the reflecting 
surface should be 80 or 90 feet distant ; for a dis- 
syllabic echo, 170 feet,'&e. The sound, whether di- 
rect or reflected, is supposed to proceed at the rate 
of 1142 feet in a second. 



386. The Speaking Trumpet is an instrument in- 
tended to transmit the sound of the voice in some 
particular direction, to a greater distance than it 
would otherwise reach. 

The best form of a speaking-trumpet,, is found to be 
that of a hoUow cone, with a mouth-piece at the 

narrow 
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liaitow end, to receive tbe lips, and <*6dfiiie the 
voice of the sp^er. 

The beat of a Watch may be heard to twice the dis- 
tance through a speaking-trumpet, that it can bd 
heard at without one. It is said, to be the same 
in this experiment whether the trumpet is cj* 
Undricai or oenioal. See the Edinburgh Encyclo^ 
. padia^ article Acou8tie$f Part ii. Sect. ii. This in<« 
strument seems to produce its effect, bj preventing 
t^e pulsed, BA they Ate generated, from diffusing 
themselves all round, and subjecting them longer 
to an impulse in one direction^ 



S£Ct. lit 

A^O^ AS tli£ V£HICL£ OF HEAT AND iiOI6T(;R£4 

S87* HThe Ilarth and tbe Atmosphere, taken ge-» 
nerally^ receive at all times nearly the same quan-^ 
tity of heat and light from the sun* 

As the whole of one iide of the earth is constantly 
turned to the sun, the only difference in the quan-* 
tity of heat and light which the earth, receives in a 
given time, must arise from the changes which take 
place in its distance from the sun at different sea- 
8 4 sons 
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iOBs of the year. In consequence of tbaae changes^ 
the quantities of light and heat received by the 
earth are not proportional to the times, but to the 
angles described by the earth roimd the sun in 
those times. These irariationsy howew, are but 
inconsiderable, and as they are annual, tkey do not 
produce any inequality in the whole heat or light- 
«f one year compared with those of another. 



SSS. Though the earth is thus receiTiDg heat 
continually^ and nearly at the same rate, its ave- 
rage temperature appears to remain invariable ; as 
much heat as comes from the solar rays, flying 
off continually into the fields of vacuity, or of 
ether. 

S89. While the general temperature of the earth 
remains invariable, the distribution of heat over 
its surface is extremely unequal, being different in 
different places, and in the same place subject t% 
variations, both regular and irregular. 

390. The causes that determine the distribution 
of heat over the earth's surface, are either the di- 
rect influence of the solar* rays, or the communica- 
tion of heat by the ^r from (xie part of the earth's 
sor&ce to anodier. 

5Sl. The 
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Jl^i; The first jof these depends on 1^ bdkude 
of the place, or its distance from the eqtator, by 
which the intensity of the heat tod light from the 
ran, apd atso the length of tb^ day^ s^re d^Hnrmi- 
ned &r dtfEcffttiit seaaomr of die year* 

The int^aaUj of the sim^s ipays^ y^hsA ik^ strike on 
ai^ plane, is as the qiiaBtUy thai; falls on a given 
space, or as the snae of the suin'^s el^vati^a al^ve the 
plane. The nearer the sun is to the zenith of any 
place, at a given moment, the greater the intensity 
of heat produced by his rays* 

The heat for an entire day, depends also on the 
length of the day, and as the day is longer where 
the distance from the zenith is greater, the inequa- 
lity in the distribution of heat arising from the one 
of these causes, compensates that proceeding from 
the other, and brings their combined effects nearer 
to an equality than might be iniagitted. FoNa*AMA 
has shewn, that the heat of the day of the summer 
solstice at Pavia, i^ greater than the heat of the 
same day at Petersburgh only in the ratio of 63^ to 
62% though the latitude of th^ former be 45° llV 
and of the latter SQ^'Sef. 

The alone author findiv that when: the son^si deelina- 
lion dbLceedSflfi^, or finom^about the 10th of May to 
the SOth of July, the heat in tweaty^oHr hours 
proceeding from the sun's, rays is greater at the 
north pole than at the equator, Grbo. PoNTAVii^ 
JHtfrnUumis Phgf$ieo^Matkemaic^ tam,h i^. 

The 
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The distribution of heat, therefore^ if only the 4irect 
iofluevce of the ma were to tust^ would be veiy 
different from that whi(Dh takes place in nature. . 

The intensity of the solar heat U fes^ in loW devia- 
tions than is here iupposed, on aoco«st of Hie rays 
coming through a larger, mass of air, and of air 
more loaded with vapour, so that a great quantity 
of them is intercepted. Booquer, TraitS JTOp^ 
tique; aur la Gradoaum de la Lumiere, Liv. iii. 
sect. iv. 

Spa, The effects of the direct influence of the 
sun, arc greatly modified by the transportation of 
the temperature of one region into another, in 
consequence of that disturbance in the equilibrium 
of the atmosphere which the action of those ray& 
necessarily produces. 

In order that there may be an equilibrium id a flmd 
like thie air, every stratum of air that is level or ho- 
rizontal aill round, ought to be of the same density. 
It ought, therefore, also to be everywhere of the 
same temperature, which not being the case, the 
constant motion of (he air is the necessary conse- 
quence of heat being unequdUiy dirtributed. The 
i columns of air that are lighter, are displaced by 
tiiose that are heavier, and hence a general tenden- 
cy in the air to move from the poles toward the 
equat(»*. - This general tendency, which is cali^ula- 
. ted to moderale the extremes of temperature is al- 
so greatly modified by local circumstancef • 

393. The 
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$93. The seft is ptc^r^ti g£^ moderate tempe*- 
rature by the statical principle that makes the 
heavier columns of a fluid displace the lighter. A 
more uniform temperature is thus giveato the sea, 
which communicates itself to the air incunabent 
on it, and to that on every side. 

394. Conversely, the effect of great and unbro- 
ken continents, is favourable to the extremes of 
heat or of cold. 

The constitution of the surface may tend to increase 
^ and sometimes to diminish this effect. High moun- 
tains especially, if covered with snow, may enforce 
' the rigouj^ of a cold cfimate, or temper the heats of 
a warm one;. 

FcMrests tend to increase tlie cold, by preventing the 
sun^s ra/b from striking on the ground. Evapora- 

' jtion produces cold; and niarAes and - lakes 'are 
therefore favourable to the severity of the weather. 
The congelation of water produces heat, and mode- 
rates the cold; the melting . of ice, on the other 
hand, increases the capacity for heat> and so pro- 
duces cold. 



SQSy Height above the level of the sea, causes a 
diminution of heat at the <:onstant rate of 1* for 
270 feet nearly, when not far from the surface of 
the earth* 

It 
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It lias already been remarlced, that this decrease ae^ms 
to he somewhat, slower as we ascend, but not verj 
coDsiderablj^ as far as our observations have ex* 
tended. 



396. The combination of these causes gives to 
every place a mean temperature, which remains 
always nearly the same, and which decreases from 
the equator to either pole, according to a law that 
has been determined by observation. 

S97. Let t be the mean temperature of any pa- 
rallel of which the latitude is L, M the mean tern* 
pqrature of the paxallel of 45^ and M + E the 
mean temperature oif the equator thrai is \ 

<=::M + Ecosat^ 

tn this fi)rm«b^ M=r68^ and EaST. When 
aL>9O,G0saLis negative* 

This theorem was first given by Mater, Opera ifu» 
dttaj vol. i. p. 4., Sz;c. Also KiRw^ir, Eatimatt of 
the temperature of different Latitudes^ p. 18. 

From this a geometrical construction, for finding the 
mean temperature, may be readily deduced. 

In the line AC (fig. 2&.), divided into equal parts, num- 
bered from A, so as to represent the scale of a ther- 
mometer, let AC = 85, and AB =: 58. From the 

(;entrc 
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catitft B, with tlie distance BC or 27, describe the 
senricircle CA; take the arch CG equal to the 
double latitude of any parallel ; and from G draw 
GO perpendicular to AC ; then i« AO the mean 
temperature of that parallel, according to F^hrbn- 
iftSitV scale. 

The mean temperatures thus found, agree very well, 
with observation^ ^rSngs, in which the water 
does not considerably change its heat from one sea- 
son of the year to another, afford an expeditious 
and accurate way of ascertaining the mean tempe- 
rature. 



S98. If the place is at any height H above the 
level of the sea, f =: M — ^rjx + E cos 2 L. 

H is understood to be expressed in English feet 



899. On ascending into the atmosphere, at a cer- 
tain height in every latitude, a paint is found where 
it always freezes, or where it freezes niore than it 
thaws, so that the' mean temperature is below 32^ 
The curve joining all these points, from the equa- 
tor to the pole, is called the line of perpetual con- 
gelation. The equation to it will be found,^ by 

H 
making ^ = M— *— 4»£cos2L. 

This 
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TUs fine fit the eti^atbr is derated 15^77 feet abore 
the kvel of the sea ; so that for determining n we 

hare 82=tS8— i^^+ 27, or fi = «94. 
n 

Thus, H=: 7648 + 7933 cos 2 L, and this seems 
nearly to agree with actual observation.. 

Professor Leslie has given a different equation, 
founded on the law of the diminution of heat 
mentioned at § 339. In the table calculated from 
it, he%hts come out rather below what observation 
requires. Elemenia of Geonutry, 2d edition, p. 49i6. 



400. The temperature of the latter end of April 
is observed, at least in the temperate zone, to be 
nearly the mean temperature of the year. From 
that time the heat increases, and k at it§ maxi- 
mum about the 81st of July ; it goes on decreasing 
from that time till it come to the mean in the end 
of October, and it passes from thence to the great- 
est cold about the 2 1st of January. AH these vi- 
cissituides may be nearly represented by the for- 
. mula in which G is the mean temperature for the 
given place, F a constant co-ef5cient to be found 
by observation, x the mean longitude of the sun 
computed from the first of Aries, for any day of 
the year, the mean temperature of which is y. 
Thus, the times of the mean and the extremes of 
.temperature being taken by about one month la- 
ter 
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ter tbai^the corresponding mean and extremes of 
the: sun's elevation, 

j^^G+Fsin(x-.30). 

This supposes that the mean heat takes place when 
the sun enters Taurus, which is nearly true. In 
this latitude, we maj siqf^iose Fr: 15^ 



401. From this formula, compared with the two 
former, one theorem may be deduced, including 
the effects of latitude, elevation above tfae surface, 
and the season of the year, viz., the mean tempe- 
rature of any day under any parallel, and with 
any elevation, 

j^ = M— — - + Ecos2L + Fsin(x — 30^). 



402. The formula for the mean temperature, as 
laid down above, would probably hold over the 
whole globe, if it were everywhere covered by the 
ocean ; but it agrees strictly only with the At- 
lantic Ocean, and the western part oif the Old 
Continent. 



The editor of Mayer^s Posthumous Works dbserredt 
thftt his theorem applied accurately only to the 

portion 
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portion HC the j^obe eoMMaed belweeA th^ parA^ 
lels of Stockholm and of the Cape of Good Hope^ and 
between the meridians of Stockholm and Mexico. 
This does not seem quite exact ; no part of North 
America haTiag Itg mean temperature the Same 
with that of plates f;i the same. latSlnde in Eu- 
rope. Itwoold require at least 10^ to be taken 
from My to adapt the formula of § 997. t6 the 
New Continent. See KtRWAN^ir EstimaH of the tcm- 
perature of different Latituiet, p. 1£. 



403. As we go eastward Trbm the shofes of the 
Atlantic, the mean temperature of any parallel be- 
comes lower, at a rate that maj perhaps, for the 
north part of the temperate zone, be estimated at a 
degree for 150 miles. 

At St Fetersbiu-gh, lat 59^ 56', about 750 miles from 
what may be accounted the shores of the Atlantic, 
the temperature is 5'' S^ below the standard. The 
medium tiemperature of January is no more than 
10°. By computation from the formula above, it 
ought to be greater than 32°^ The winter lasts 
from October to April, and the cold is sometimes 
as great as the freezing point of mercury, or — 39^, 
From a OEiean of several years, the mean of the 
winter cold is —25^. Kirwan, Und, p. 61. 

. It was at KrasMfaIrk, lat 56^ 3(/, long. 93^ E. that 
: mercury wm first knotfn to freeze by natural 

If 
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ti we ware to begin where anj pflrallel intersects the 
shore of the Atlantic, and djcsLW^on the map a line 
along which the mean temperature should be con* 
stantly the same as at the first-mentioned point, it 
would incline greatly to the south. The point, 
for instance, in the meridian of Fetersburgh, which 
has the same temperature witb^the standard be- 
longing to the parallel of that city, is about 5^ 
aouth of it, or in the latitude of M° 3(/ nearly. 

At Irkutz, latitude 52'> 15', longitude lOS^" east, the 
mean temperature from October to April has been 
blown to be as low as -^6^.8, a temperature 
which for severity and duration exceeds any thing 
that has yet been observed elsewhere. 



404. This increase of the severity of the win- 
ter, and the consequent diminution of the mean 
temperature, on going eastward, holds in all the 
latitudes north of the parallel of 30^ ; but the di- 
minution is slower as we approach that parallel ; 
to the south of SO® the mean heat increases on re- 
tiring from the ocean* 

This diminution takes place all th^ way to the shpres 
of the Pacific, or very near them. The climate of 
Pekin is Viastly more severe than that of the same 
parallel (39*^ 64') in Europe. 

. 405. In the New Continent, ijlso, ^t least in the 
part of it to the north of the Tropic of Cancer, 

T the 
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the iiie^n tf iiiperature i$ mtioh heltw tha »tand^ 
^rd, and the tev^tky of the wiMer much greats 
er than in the same latitudes in Europe. 

At.Prfaice of Wdil' Fort, HpdscMi> Bay, lot 10^ 
long* W irett, the mean tMiptratttiii b 20"* under 
the standard 4 at Nain in Lahrader 16<^ ; at Camr 
bridge in Neir England (Ui. 42' «&',) 10 degrees, 
Marcury has been «uppostd ta be frozen by the na* 
tural cold as far south as Quebec, lat. 47^. 

Ji rtry tow mean temfieratare, and extreme eold in 
wsBtar^ ara characteristic of the climi^te ef North 
^ineriea. 



406. In the higher latitudes of the Southern 
Hemisphere, the temperature is lower than in the 
same latitudes of the Northern Hemisphere. 

FoRSTEft describea a sm$Si island on the coast of 
* Soath Georgia, latitude 54^ south, which, in the 
middle of summer, was coTered almost entirely 
with frozen snow, to the depth of several fa- 
thoms. 

^be South Pole is surrounded to the distance of IS 
or 19 degrees with a barrier of solid ice, through 
which even the skill and intrepidity of Captain 
Cook could not force a passage. 

1(t is known also, that detached masses of ice 
float dowii in that hemisphei^e as low as tb^ h^ti- 

tiid? 
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BO meant suQciently undentood. 

407* The vaiieties of temperature to be met 
with on the sar&ce of the earth, appear to be 
#onfined between the limits of 100^ ftnd -—40^ 

No degree of cold much bdow -«-40^ has erer been 
observed m uature, even when thermometets hare 
been employed contaimng a €uid not liable %o con- 
gelation. Sir Chari«bb Blaodxn on tk$ Cangekdum 
of Mercury, p. 61, 

The beat of 100° is rare, but a heat approaching to 
90^, is found in the smnmer of most countries 
within the limits of the temperate Bonea. 

There is hardly any climate, even in the frigid 2one, 
where a temperature between 60^ and 50^ is not 
occasionaUy experienced. 



The greatest fatat is nraeh less above the iMa» tenu 
peratiise tftatt the greatest cold is beknr it The 
asoBii tempcMilQie fir the whde suriiMse aday be ta- 
ken at 58"^ ; the greatest simiimer hsat is ondy 49* 
alM^ve tfab; the peatest wmler eoU ia W un- 
der it. 



408. There is reason to think that the climates 
of Europe were more severe in ancient times than 
tbey are at present, and the change that has taken 
place may with great probability be ascribed to 

t9 thf 
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the better and more extensive cuMvatioh of the 
ground. 

C^SAR says, that ^the vine could not be cultivated in 
Gaul on account of the severity of the winter. 
The rein«deer was then an inhabitant of the 'Py- 
renees, The Tiber was sometimes frozen over, and 
the ground i^bout Rome covered with snow for se- 
veral weeks together. See Hume (m the Poputoua^ 
ness of Ancient NatunUf Essays^ voL i. p. 4f51. edit 
1772. Daines Barrington, PhU. JVans. vol. Iviii. 
(1768)p.68.,fcc. 

Cultivation may improve a climate, Imo, ,By the 
graining of marshes, and lessening the evaporation, 
which is «o great a cause of cold ; S^, By turning 
up the soil, and exposing it to tl;ie rays of the sun ; 
3^, By thinning; or cutting dow;ii fores^,. which 
by their shade, prevented the penetration of the 
sun^s rays. The improvement which is continually 
taking place in the climate of North America, 
proved that the power of inan extends to the phe- 
nomena, -which, firmn the magiikade and variety f 
their cavscf,* seencd tnosl supmor^to his oontrouL 
•At Gttiaaa.in Soudi Amcrioa^ the raiiqr season 

. has ibe«i ^art(9ned by tki^ clearing of the conn* 
try, 9Xkd the warxath greatly increased. « It thun« 

. ders continually ip. the woods ; rarely in the culti^ 
vat^d parts. BufFoiCi Sup. tom. ix* p. 346, oc« 
favo, 



mnd. 
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409. The principal cause oi^ those currents of 
feir to which we give the name- of JVvidSf is the 
disturbance of the equilibrium of the atmosphere 
hj the unequal distribution of heat/ ^ 

In ordiMT that an equilibriymdnay take place in an 
elastic fiiiid, circumfused about a.solidyto which it 
gravitates, every level stratum of the fluid, that is, 
everj stratum, which. When eontitiued round, cuts 

' the directions of gravity ef eiyiilrhere it tight angles, 
should be of the same density, and therefore of the 
same temperature. As this is not tlie case, the- 
equilibrium of the atmosphere is incoktsistetit with 
the actual distribution of beat 6n the earth^s surr 

' face. 

The ganeral ^ndeney, in sochidb-oumstaDoei^ is for 
the heacvierioolwnns to displace the'ligfater^ and for 
the air 'at the surfcee4o sMfve fiidw^ft'Pdes to- 
ward the Equator* ""The 'iitily: supply for the air 
thus conalantly abvtfaoMd fiotA thrhigher latitudes, 
must be produced by a counter-current in the up« 
per regions of th^ atmosphere, carrying back the 
air from the Equator toward the Poles. The quan- 
tity of air transported by these opposite currents, 
is J5o nearly equal, that the average weight of ^he 
air, as measured by the barometer^is thcv sape in 

V all places of the earth. 

' • t3 If 
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If the finface of the earth were whoUj corered with 
water, so that there was no part of it more dispo* 
aed than another to obstmct the motbn of the airi 
or that had a greater cupadtj than another, of ac* 
quiring or eonununicating heat, the air would pro- 
bably drcuhite oontinuallj in this manner from the 
Poles to the Equator^ and back again, without anj 
inregnlaritjr whatsoever. 



410* 111 consequence of the rotation of tha earth 
on its axis, another motion is combined with that 
of the currents just described. The air, which is 
constantly moving ftma points where the earth's 
m>tion im its axis is slower, to diose where it is 
fuacker, cannot hare precisely the same motion 
eastward with the part of the surfiKre over which 
it is passing, and therefore must, relatively to that 
sur&ce, describe a curve, having its convexity turn- 
ed to the east« The two currents, therefore, ffom 
the opposite hemispheres, when they meet toward 
the middle of the earth, have each acquired an ap« 
parent motion westward; and as their c^postte mo- 
tioQs fiom south and north must destroy rnie ano- 
ther, nothing will remain but this motion, by 
which they will go on together, and form a wind 
blowing directly from the east. 

lliis is the cause of the Trade Windf which (witii 
eertaia excq^ns) blows centipually between the 

Trepies/ 
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"trofSci, or rtthtr between dO^ on the. one iide of 
the Equator, ahd 30^ on the other. 

^e Trade Wind declines somewhat from due east 
toward the parallel to wluch the sun is vertical at 
different seaions of the jear. As the sun ap* 
proacht9 the southern tropic, the Trade Wind is 
directed somewhat to the south; and as he ap» 
proaches the northern^ somewhat to the north. 

l*he cause iisiiallj assigned for the Trade Wind, is 
the constant motion toward the west of the spot td 
which the sun is rertieal, and where of course the 
rareihcttdn is greatest. This, it is supposed, draws 
ialong with it the air finom the east. This, how^ 
erer, is bjr no means satisfiM^torj, and it seems ceD* 
tain, that if the Trade Wind were produced in thi^ 
waj, it must have great rapidity, in piece of being 
a gentle breeze^ at the rate of seven or eight miles 
an hour. 

t*he opinion tkat tke Trad^ Wind is prodiiced by the 
air in its motion southward falling back toward the 
west, is mentioned, but rejected, by HaitLbv. It has 
since beien espoused by FnANKLkN and ILa Placs^ 
and is, on the whole, less olgectiotiable than anjr 
other. 

^he matter is here stated somewhat differently from 

Hrhat is done by those authors, particularly t)ie e& 

f^ of the currents from the opposite hemiqpheresi 

t4 i» 
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in determining the motion to be trhdHf from the 
east 



41 1. The attractions of the sun and moon have 
sometimes been considered as among the general 
causes of the winds. They have no doubt a ten- 
dency to produce in the atmosphere an undulation 
backwards and forwards^ like the tides which they 
cause in the ocean. It does not appear, however, 
that they could produce any continued progressive 
motion of the air, similar to that of the Trade 
Winds. Their effeets also» are ux^vioute to be 
perceived, amid tiie acHon of so numy more 
powerful causes. 

P^AuEMBvaT iA his lUcherches .$ur U9 Causes CK- 
nbralcs des Ventsy has treated of the forces of the 
sun and moon to produce currents in the atmo- 
sphere. His essay is more remarkable for the re- 
source and ingenuity it dbplays in the management 
of the calculua^ than for the physical oondusions to 
which itleads- 

412. The superior current above described, re- 
stores the air carried from the higher latitudes to 
the lower, with such a degree of equality, that the 
average weight of the atmosphere, as measured by 
the barometer, is nearly the same in all climates. 
This restoration is, however, subject to great local 
and temporary irregularities, from the different 

degrees 
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degrees of resistance that the air meets with in 
passing over the surface, and the different capaci- 
ties of that surface for receiving and communica- 
ting heat. 

The motion of the inferior and superior currents, 
majr be seen exemplified on opening a door, be- 
tween two apartments of different temperatures. 
The flame of a candle near the ground, will shew 
the stream that sets from the colder room to the, 
warmer ; near the top it will indicate a stream in 
the opposite direction^ 

As.Ihe aveiage quiyntities of the ur carried hj these 
.<)!HM|§ite currents are equal, the surface that sepa* 

^ rates them is probablj not far different from that 
at which the barometer would stand at 15 inches^ 
or half its medium height at the surface. 

If we suppose the mean temperatture is 33^, this ele* - 
vation will be found = 3010 fathoms, or 18,060 
feet = 3.425 miles, not so high as the summits of 
the Cordilleras, 

The upper stream in each hemisphere being directed , 
to one point, the pole of that hemisphere, there 
must arise a considerable condensation, and accele- 
ration of the eir, as the currents approach that 
point, and hence ' the causes of irregular winda 

' must be increased on approaching the poles. 

The general direction of the upper current fnust be 
to the westward, for the same' reason that that of 
the lower was toward the east. 

'^ 413. The 
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413. The Trade Wind itself is subject to eef^ 
tain irregularities. As the sun advances into 
the Northern HeHtisphere, the Trade Wind be^ 
comes irregular ; and about the middle of Aprils 
in all the tract between Africa and the peninsula 
of India, and much bejond it, changes from north- 
east to south-west, and continues to blow in that 
direction, till the sun returns to the Southern He* 
xnisphere. 

The caiiM of this change is difficult to be as$igned^ 
It seenu probable, that by the sun^s entry into 
the Northern Hemiqihere, he comnniliicatea great 
heat to thesandydesarUof AiHca,iHiidilie to the 
wester south-west of the teas Just mentioBed. The 
great heat aeqvired by the sand of those desarts^ 
produces a rarefaction in the columns of air hicum^ 
bent on them, and consequently a tendency, in the 
columns that are near them, and more moderately 
heatedi to flow in and displace the heated air. The 
air of the Atlantic is most likely to do this, and in 
passing bver Nigritia, 8cc., to acquire a relbdty that 
carries it on eastward through the Indian Ocean. 

These periodleal winds are called JlfoiMooas. 

The change, or the setting in of the monsoofts^ does 
not happen all at once. In some places the shiiU 
ing of the wind is accompanied with calms; in 
others with variable winds^ heavy rainsy thuader^ 
and violent storguk 

« 

4U. The 
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414. The tract from the parallel of SO® to the 
Pole, in each hemisphere/is the region of variable 
wii^ds ; and their unsteadiness and violence seem 
to increase, the nearer they approach the Polar 
Circles. 

The urepdarity of innd3 proceeds from inequftlitiea in 
the motion of the generol currents above mentioned, 
and from 4 variety of local causes ; also from the 
chemical changes that are carried on in the air, 
such as the solution and precipitation of moiBture, 
and the action of the electric fluid on the different 
gases that compoia the atnospha^. 

415« Sudden and strong gales of wind appear 
almost always to arise from a diminution of the 
weight of the air in the tract where the wind pre* 
vails, and are accompanied, or preceded, by a fall 
of the barometer. 

The sudden sinking of the barometer almost alwaya 
indicates a gale of wind, though a gale that ia 
sometimes at a considerable distance. When the 
fearomfter begina to riae,^it is a ijraiptom that the 
gale has readied its hdght; and though it may 
stall cofttiBue to blow for a long time, it is usually 
with decreasing vblenee. 

416. Notwithstanding these irregularities, there 
ia in most countries a tendency to periodical 

winds. 
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winds, more or kfs fwiuirkable^ aGcoi^ding to the 
itcadiness of the climaCe. 

£tw with iiip ^^leve «i infttiltr situatlba, with a 
great ContiaeDt on wit ride, and ai great'Oe^an on 
the otha*) unites: afl the cauiM of a variable cli« 
mate, Uie.£a8t wind nsnaUy prevaQs in*ihe ^ring, 
from the venial ^qainoni to the Mnimei' solstice^ 
and beyond it ; during the rest of the jeiir, the 
Westeriy winds prevaU, though not without fre- 
quent incursions of the east, hj which our mOst uo* 
pleasant weather is always produced.' 

The Etesian, or northerly wind, prevails very much 
in summer all over Europe. Puny describes it as 
blowing regularly in Ita}y, for forty days after the 
summer solstice, lib. ii. cap. 4T. It is part of the 
great current that carries the atmosphere of the 
higher latitudes down to the tropical regions. - 

417. The velocity of the wind varies from one 
that is hardly sensible^ to one of 100 miles in an 
hour# 

The force of the wind, is as the dc^nsity of the air 
multiplied into the square of its velocity. Smea- 
TON hlis given a table of its force, expressed by its 
pressure in avoirdupois pounds, on a plane of one 
foot square directly opposed to it. Phtl. Trans, 
voL IL p. 165., &c. Also Cavallo, voL ii. p. 287. 

A gentle light breeze is there estimated as moving at 
the rate of four or five miles an hour^ and pressing 

with 
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iMritb ajbree of. abbiit twd ouacoi: ▲ ink bnl 
l^easant gale from ten to fiftem miles; withafoDoe 
from balf a jiound to a pound : A high wind goes 
«t the rate of thirtj or thirij*fiye miles^ and pres. 
•es with the force of fire or six pounds t A hurri- 

• eane, that tears up trees^ and Mows down houses, 
has a TcilcMnt J of one hundred miles an hour, 
and a -Ibrce of fortjwmne pounds on a square 
foot. . , . 

'/' 

The velocity pf the wind may be estimated bj the ve- 

Jocitj of clouds, or of light bodies carried bj it. 



418. The vapour that rises fr^mi virater uniting 
itself to the air, ascends into the higher regions of 
the atmosphere, and is carried by the winds to 
great distances. 

It cannot be doubted, that the humidity raised in 
this manner is chemically dissolved in the air. 

The humidity does not lessen, but increases the trans- 
parency of the air, and cannot be withdrawn from 
it but by substances that attract it powerfully. 

419. Th® power of air to dissolve humidity in-? 
creases in a greater ratio than that in which its 
temperature increases. 

• It 
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It sppeirs rfirvm Savmim'i ta^i€ii m rili % UM while 
the tcmptfatun kutgmmi » arithmMkri progres- 
nun, the humidity whieh the air id aide to tontain 
in er ga w i in, ge^taetric. proguaAon^ A eabic foot 
of air, of the temperature 66^, is aiide to hold in 
sohttion 11 or IS grains of water: the air itsetf 
weight 570 grtias : so that air of the temperature 
66^, dissolres about a 50th pert of its own weight 
of water. Etsai mir rHygrametrie, xi« ehap. s* 
p. I6T.» &c. 

420. Hence, if two portions of air, of different 
temperatures, and both saturated with humidity, 
be mixed together, a precipitation of humiditj 
must necessarily take place* 

If the abscissae AB, AB' (fig. 26.) be the tempera^ 
tures of two equal portions of air, and the or- 
dinates BC, B'C ilepresent the quantities of humi- 
dity contained in them, the curve CFC, which re- 
presents the dissolring power, corresponding to dif- 
ferent temperatures, will be convex toward AB, 
and will, so far as experiment has shewn, be a lo- 
garithmic curve. Now if CC be joined, and if 
BB' be bisected in D, the perpendicular D£ will 
represent the humidity contained in a given weight 
of the mixture of the two portions of air, AD the 
temperature of the mixture, and DP the quantity 
of humidity which the air of the temperature AD 
is able to contain. The quantity precipitated from 
each portion of the air is therefore £F ; so that th^ 
whole quantity precipitated is 2£F. 
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III |6Mr«I» VTmii tnHbi tMiparalnrM 0i tw^ 
equal portions of air, H and A the hiimiditjr con« 
tained ia tbem wken saturated, the quantity of ha«* 
pikttfjr prodiiiuted fiom the mixture wiU be» 

421. If, therefore, large portions of the atmo^ 
iphere, of different tenit>eratures, and saturated, 
or nearly saturated, with humidity, be driven 
against one another by contrary winds, the conse- 
quence must be a precipitation of humidity, or the 
fi>rmation of clouds. 

Tins simple and ingenious theory of the formation 
cf elouds, was the discoyery of the late Dr Hut^ 
Mil. See Edinburgh Tramaeti^nif rol. L p. 41. 
It is not necessary to the theory, that the curve 
which tem^inates the perpendiculars BC, B'C% 
he. should be a logarithmic curve ; it is sufiScient 
that it be a curve convex toward the axis AB. Of 
this Dt HuTTOv had satisfied himself by the obser* 
vation ci natural phenomena. If the line termi* 
Mting the perpendiculars was straight, and much 
more were it convex, n^ precipitation ceiuld ever 
take place. 

422. The clouds thus formed, are not disposed 
equally over the whole atmosphere, but occupy ^ 
peculiar region, elevated at an average between 
t^TQ AQ4 three miles above the earth. 

The 
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The mixture of diiFerent pcnrtions of air is likely to 
take pkce most frequently when the two opposite 
currents already mentioned come in contact with 
one Mother. This is at the height of 18^000 feet 
and upwards, whidi agrees very well with the me^ 
dium height of the clouds. 

423. The clouds thus formed, have their parti<« 
ties united into larger masses or drops by diffenent 
causes/ such as the mutual attraction of aqueous 
particles, the force of the wind, or the operation of 
electricity, and so fall down, in rain on the surface 
of the earth. 

The intimate connection betweearaia and the existr 
ence of different currents c^ air, is evident from 
many ^>peiiraiices. 

1. When the Trade Winds blow uniformly, hardly 
any rain falls; but when the monsoon changes, 
heavy falls of rain seldom fail to take place. 

% In the tropical cKmates, the rainy season is Always 
on the sun^s approach to 4ihe zenith, at whieh time 
also the winds are most variable. 

3. There are some spots of continual rain, which 
seem to be where opposite streams of air constant* 
ly meet one another. 

4. There are several tracts on the earth^s surface, 
where it hardly ever rains. They are usually far 
inland^ and have extensive plains, without any of 

those 
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those inequalities of surface that promote the mix. 
turc of air. 

5. In the midst of those deserts, where mountains oc- 
cur, moisture is precipitated, sometimes in the 
form of rain, but most frequently of dew, so 
that there are springs of fresh water, and great 
fertility produced. 

C There is in our climate hardly any instance of rain 
without a change of wind, and very rarely a change 
of wind without rain in a greater or smaller quan* 
lity. 

7. The lowness of the mercury in the barometer is a 
sign of rain. It is a certain indication of the sub- 
version of the equilibrium of the atmosphere, and 
makes it probable, that before the equilibrium is 
restored, winds from different quarters, and of dif- 
ferent temperatures, must come into collision with 
one another. 

424* The Hygronieter is an instrument int^jad- 
ed to measure the quantity of hymidity contained 
in the air at any tinne* The power of evaporation 
to produce cold has been very happily applied by 
Professor Leslie, to the construction of an instru- 
ment of this kind, 

425. The vapour raised up into the air, is of a 
{quantity sufficient, to afford all the rain that falls^ 
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or to supplj all the springs, and of consequence all 
the rivers derived from them, on the surface of the 
earth. 

Dr Halley shewed, that the evaporation from the 
sea alone is a sufficient 'supply for all the waters 
that the rivers carry into it. His calculation was 
founded on a very complex view of the subject, and 
liable to several objectioas. BvrFon iaok: a jKore 
simple view of the matter, hy selectiag one eii those 
lakes that sends out no stream to the Q<;eaa, and 
* shewing that the probable evaporation from the 

surface of the lake is equal to all the water car- 
ried into it. 

A simpler view still may be taken, by shewing that 
all the water annually emptied by a river into the 
sea, is less than the rain that falls on the surface 
drained by it. Thus, according to Dr Hallby^s 
computation, the water which the Thames carries 
down through Kingston Bridge, to which the tide 
does not reach, is 25344000 cubic yards, or 
684288000 cubic feet per day, which gives 
2497G5120000 cubic feet for the quantity of wa- 
ter which the Thames discharges annually into 
the sea. Now, the surface drained by the Thames 
and its branches, appears to be about equal to a 
circle of 40 miles radius ; that is, nearly to 5036 
square miles, or 140395622400 square feet. But 
if we suppose that the depth of rain which falls an- 
nually, at an average, over this surface is two 
feet, we have a quantity which exceeds that carried 

down 
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down by the Thames by 31026124800^ or nearly 
an ei^th part of the whole, which is therefore left 
to be taken up by the evaporation. 

Mariottb had made a similar computation for the 
^esne^ in his TtaiiS de Mouvanenf des Eaux^ 



4S6. The disputes that prevailed so long con- 
cerning.tke origin of fountains and rivers, chiefly 
arose from the difficulty of conceiving, how a pre- 
carious' and accidental supply could be rendered 
equal to a regular and great expenditure. 

The opinions of the ancients, concerning the origin 
of fountains, are to be found in Senbca, Nat. Queest. 
lib. III. See also Varknius, sect. iv. chap, xvi, 
prop. 5. 



427.. The. quantity of rain that falls in different 
places in the same year, and in the same place in 
different years, is extremely various ; and even in 
the temperate zone runs between the extremes of 
18 and 100 inches. 

In places not very distant from one another, the dif- 
ference in the quantity of rain is often very great. 
The neighbourhood of the sea on one hand, and 
mountains on the other, is most favourable to the 
production of rain ; from the first is derived a hu- 
mid 
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mid atmosphere* and from the second the preva- 
lence of winds of difierent temperatures. 

When the rain exceeds 85. inches a-year^ the climate 
is to be accounted moist. In the year 1809* the 
rain that fell at Dalkeith, near Edinburgh, waa 
28.5 ; at Glasgow 35.1 ; at Largs, at the mouth of 
the Clyde, 40.6 ; and at Gordon Castle, on the 
east coast of Scotland, 24.5 : At London, in the 
same year, 90.7; in the preceding year^ the £iH 
was but 18.8. In &ome places of this island, such 
as Kendal and Keswick^ the rain amounts to 64 
and 68 inches in a year. 

428. The disposition of the rocks in strata, con- 
tributes much to the collecting of the waters un- 
der the surface, and the conveying them without 
waste, as if in close pipes, till they are united in 
f(;mntains, lakes, rivers, &c. 

Bkrnaro Fallassy was among the first who made 
this remark, and even brought it to the test of ex- 
periment. 

429. The region of the air in which the preci- 
pitation of humidity takes place, is frequently one 
where the temperature is below freezing ; the fro- 
zen particles then*uniting, as in the case of melt- 
ed vapour, form flakes of Snow, which reach the 
surface in that same state, when the cold of free- 
zing continues down to the surface. 

When 
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Wlmi die iHiucous particles fint fonn a drop, and 
are afterwards firoaeii> in their descent, thej be- 
eome Hail, which is sometimct fimnd crystallised 
witb some degree of legularitj. The whiteness 
and opacity of the hail, is |»ob8bly owing to the 
congdation being p^ormed where the air is rery 
rare. Professor Leslik has remarked, in the cu- 
rious experiments he has made on the production 
of ice by evajxifrAtion, in a receirer where the air 
was considerably rarefied, that the ice is more 
porous, and less transparent, than- that which is 
formed under the ordinary pressure of the atmo* 
sphere. 



430. Dew is a precipitation of humidity from 
the lower strata of the atmosphere, which does not 
disturb the transparency of the air, and to which 
the mixture of different streams of air does not 
seem necessary. 

Dew is formed only in calm weather, and in the 
evening, or during the night The resting of the 
globules of dew on the points of grass and other 
plants, seems to indicate the inresence of some elec- 
trical influence. Bruce has remarked, that du- 
ring the dry season no dew falls in Egypt, but that 
it is usually obserred in the Delta five or six 'days 

, before the inundation. 



431. Besides these deposites from the atmo- 
sphere, which are all (^ one substance, th^e are 

others 



Digitized by VjOOQ IC 
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cthen^ iiikzl: cannot be< tiM(fd. to; thi^ samsiOiiigin. 
Xhe^f are thfi Stotes whkkfaave often bens said, 
aad kanreof kte jears. bcci^ aSG«#taided beyond all 
doiibti to fall dbwtt from the air ; on examina- 
tion, they are found to contain' certain metallic 
ores, in many respectsi unlike to any thing that is 
found either on the surface or in the bowels, of the 
earth. 

tSee anr account of Meteoric Stones, Howard, PhiL 
TVonr. 18031. IrARN, Lithotogie MmofpieriquCf 
Parisi 8va, 1903 : and Cavallo, vol. iv. p. ST2., &c. 

In the absence of all analogous appearances, it is per- 
haps unpUlosophical tp offer any explanation of 
the Meteoric Stones. We would only suggest as 
a mere possibility, that gaseous substances may be 
thrown up into the air, from the numerous volca- 
noes on the earth^s surface, which may contain the 
elements of metallic and stony bodies from the mi- 
neral regions ; and that these, while floating about 
in the atmosphere, may sometimes be coUeeted in 
GOBsidierable quantities into one pkce, where, being 
vabjeeted to electric or galvanic action, they are 
united into a solid- mass. 
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